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Magnetic impurities inserted in a s-wave superconductor give rise to spin-polarized in-gap states
called Shiba states. We study the back-action of these induced states on the dynamics of the classical
moments. We show that the Shiba state pertains to both reactive and dissipative torques acting on
the precessing classical spin that can be detected through ferromagnetic resonance measurements.
Moreover, we highlight the influence of the bulk states as well as the effect of the finite linewidth
of the Shiba state on the magnetization dynamics. Finally, we demonstrate that the torques are
a direct measure of the even and odd frequency triplet pairings generated by the dynamics of the
magnetic impurity. Our approach offers non-invasive alternative to the STM techniques used to
probe the Shiba states.
Introduction − The quest for Majorana fermions is
driven by their promise as a building block for a fault
tolerant topological quantum computer [1]. Magnetic
impurities in superconductors have been a prime area
of research for realizing topological superconductors that
can host such exotic quasi-particles [2–22]. The elemen-
tary unit for such a chain is a single magnetic impurity
inserted in a s-wave superconductor, which can bind spin
polarized sub-gap energy electrons in the so called Shiba
states [23].
The Shiba impurity states have been well studied theo-
retically [23–25] and experimentally revealed by scanning
tunneling microscopy (STM) technique. Unfortunately,
such systems are hard to tune once in the superconduc-
tor, which drastically reduces the ability to explore vari-
ous topological regimes. Driving the impurities, however,
can result in the ability to achieve such a feat dynami-
cally. Spin pumping and spin transfer torques in ferro-
magnets are just a few phenomena that pertain to magne-
tization dynamics [26, 27] and which are staple dynamical
methods for manipulating, transporting, and detecting
spins in magnetic systems. Recently, it has been shown
theoretically that such dynamics results in controllable
shifts in the Shiba energies that show up as features in
the differential conductance in transport measurements
[28]. Thus, dynamical magnetic impurities are promis-
ing platform for engineering topological superconductor
[21]. In this paper, we take a step forward and investi-
gate a single time-dependent magnetic impurity of size
S in an s-wave superconductor (SC), in particular the
back-action effects of the “stirred” electrons in the SC
on the spin dynamics. In the adiabatic limit, we find a
universal reactive torque pertaining to the electrons that
bind to the Shiba state that is geometrical in nature:
τR(t) = (nS − 1/2)Fs[n(t)] n˙(t) , (1)
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FIG. 1. Sketch of the combined system. A classical precessing
spin (red) at angle θ with respect to the z-axis is coupled via
exchange interaction to an s-wave superconductor (grey). A
localized Shiba state of size ξS is formed underneath which
is spin polarized and can act back on the classical spin pre-
cession. Both reactive (τR) and dissipative (τD) torques are
present which affect the dynamics of the classical spin.
where nS is the occupation of the Shiba state, Fs[n(t)]
is the radial Berry curvature of the Shiba state, and
n(t) = S(t)/S is the precessing classical spin direction.
Changing nS is equivalent to effectively changing the
classical spin length as S → S− (nS − 1/2). In Fig. 1 we
show a sketch of the combined dynamical spin-SC sys-
tem, and highlight the reactive (τR) and dissipative (τD)
torques that act back on the classical spin, respectively.
The rest of the paper is dedicated to derive Eq. 1 micro-
scopically, account for a finite Shiba line-width, which in
turn leads to a dissipative torque (τD), as well as for the
effects of the bulk (gaped) states in the superconductor.
Further, we show how these torques are a measure of var-
ious even- and odd-frequency triplet SC pairings induced
by the dynamics.
Model Hamiltonian − The model Hamiltonian for the
dynamical system in Fig. 1 can be written as Htot(t) =
(1/2)
∫
drΨ†(r)HBdG(t)Ψ(r) where the Bogolioubov de
Gennes Hamiltonian reads:
HBdG(t) =H0 + Vi(t) , (2)
H0 =pτz + ∆τx ,
Vi(t) =− JS(t) · σ δ(r) ,
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2with H0 and Vi(t) being the bare Bogolioubov de
Gennes Hamiltonian for the s-wave superconductor
and its coupling to the classical magnetic impurity
respectively written in the Nambu basis Ψ(r) =
[c↑(r), c↓(r), c
†
↓(r),−c†↑(r)]T . Also, σ = (σx, σy, σz) and
τ = (τx, τy, τz) are the Pauli spin matrices in the spin
and particle hole subspace respectively. The spectrum of
free electrons is given as p = p
2/2m − µ, where m, p,
and µ are the electron mass, momentum, and chemical
potential, respectively. ∆ is the superconducting order
parameter and J defines the coupling between the clas-
sical spin S(t) = S(sin θ cosφ, sin θ sinφ, cos θ) and the
electrons in the superconductor. In the following, we as-
sume circular precession, i.e. φ = Ωt, with Ω and θ repre-
senting the precession frequency and angle the classical
spin makes with z-axis, respectively. We mention that
the magnetic impurity generates also a scalar potential
but, for simplicity, we neglect such contribution in this
work. The dynamics of the classical spin is described by
the LandauLifshitz-Gilbert (LLG) equation:
S˙(t) = −γS(t)×
(
B(t)− 〈σ(t)〉+ βS˙(t)
)
, (3)
where γ and β are the gyromagnetic coupling and the
Gilbert damping respectively, and τR(t) = JS(t)×〈σ(t)〉
is the total torque acting on the classical spin by the
superconductor, with 〈σ(t)〉 being the spin expectation
value in the superconductor at the position of the impu-
rity in the steady state. This term can change both the
resonance frequency and the Gilbert damping. Note that
in typical setupsB(t) = B0z+B⊥(t), with |B⊥(t)|  B0
(small angle precession) and γB0 ≡ Ω0 defines the reso-
nance frequency in the absence of the Shiba states.
Rotating-frame description − It is convenient to ana-
lyze the dynamics by using the rotating wave descrip-
tion approach. Due to the circular precession of the
magnetic impurity, the symmetry of the system allows
us to perform a unitary transformation U(t) that ren-
ders the problem fully static. Hence, we can write
Ψ(r, t) = U(t)Φ(r)e−iEt such that the time indepen-
dent Schrodinger equation can be written as HrotΦ(r) =
EΦ(r) with Hrot = U
†(t)Htot(t)U(t) + iU˙†(t)U(t) or
Hrot = Htot(0)− bσz , (4)
where U(t) = exp (−ibσzt) and b = Ω/2 is the fictitious
magnetic field perpendicular to the plane of the super-
conductor.
In the absence of precession, a magnetic impurity in a
s-wave superconductor gives rise to Shiba state within the
superconducting gap at energy, ES = ∆(1−α2)/(1+α2)
and α = piν0JS is the dimensionless impurity strength in
terms of the normal phase density of states ν0. For finite
precession of the impurity, the coherence peaks split due
to the fictitious magnetic field, therefore it becomes easier
to break the Cooper pair and thus lower the energy of the
excitation.
When the impurity spin precesses, a general solu-
tion to the eigenvalue problem has a complicated form
[see supplementary material (SM) for details [29]], but
in the deep Shiba limit, α ≈ 1 and in the adi-
abatic regime, b/∆  1, the effective Shiba en-
ergy acquires the simple expression E′S ≈ ES −
b cos θ in leading order in b/∆. The correspond-
ing wave-function is |ΦS〉 ≈ |Φ0S〉 + (X/2) sin θ|Φ1S〉,
where |Φ0S〉 = [cos (θ/2), sin (θ/2), cos (θ/2), sin (θ/2)]T
and |Φ1S〉 = [sin (θ/2),− cos (θ/2), sin (θ/2),− cos (θ/2)]T
scaled up to a normalization factor 1/
√
N (see SM [29]),
and X = b∆
(1+α2)2
4α2  1. The dynamics induces a cou-
pling between the static Shiba state to its spin partner in
the continuum. Considering either the electron or hole
component, the result can be interpreted in the context
of an adiabatically driven spin 1/2 particle in an effective
magnetic field Beff = b/X. The average spin at the site of
the impurity pertaining to the Shiba state can be calcu-
lated from the above renormalized wavefunctions |ΦS〉 in
leading order in b/∆, and accounting for their occupation
(see SM [29]):
〈σS(t)〉 ≈ 2nS − 1
N
[(1−X cos θ)n(t) +Xz] , (5)
where nS ≡ nS(b, θ) is the occupation number for the
Shiba state which itself can depend on the driving. The
misalignment of the Shiba state spin and the classical
moment is due to the competition between the local ex-
change field and the fictitious global magnetic field act-
ing along the z direction. Using Eq. (5), the universal
torque can be evaluated as presented in Eq. 1, with
Fs[n(t)] = 1/2 corresponding to the Berry curvature
of the effective spin 1/2. However, this contribution is
due to the purely isolated Shiba state in the absence of
any relaxation channels. To account for the full out-
of-equilibrium properties, including the bulk states and
account for the various dissipation effects, in the follow-
ing we analyze the dynamical problem by employing the
Green’s function (GF) technique.
GF approach − The bare GF of the superconductor in
the rotating frame is
G˜0(ω) = −piν0
2
∑
σ=±1
ω + σb+ ∆τx√
∆2 − (ω + σb)2 (1 + σσz) , (6)
where σ = +1(−1) for ↑ (↓). The coupling to the im-
purity spin in the rotating frame can be accounted for
via the Dyson’s equation that relates the full GF to the
bare one, or [G˜R(ω)]−1 = G˜−10 (ω)−Vi(0)+ iΓ. Here, Γ is
a phenomenological Dynes broadening added to the self
energy that accounts for the relaxation processes in the
superconductor. That in turn allows us to write
G˜R(ω) =
piν0
D(ω, α, b, θ)
M(ω, α, b, θ) , (7)
where M(ω, α, b, θ) = M0 +M1 ·σ+τx⊗(M2 +M3 ·σ) is
a 4× 4 matrix while the full Shiba state energy is found
from the solutions of D(ω, α, b, θ) = 0 (see SM [29]).
In the absence of precession, the lesser GF, G˜<(ω) =
3nF (ω)[G˜
A(ω) − G˜R(ω)] where nF (ω) = [exp(βω) + 1]−1
is the Fermi distribution function with β = 1/kBT , kB
being the Boltzmann constant and T is the temperature.
The advanced GF instead satisfies G˜A(ω) = [G˜R(ω)]†. In
this work, we are not considering the microscopic mech-
anisms behind Γ, but rather focus on its manifestations
on the ferromagnetic resonance (FMR) signal. For finite
precession and in the rotating frame the fictitious mag-
netic field b leads to a spin dependent shift in the Fermi
distribution function and is no longer an identity opera-
tor:
n˜F ≡ n˜F (ω, b) =f0(ω, b) + fs(ω, b)σz , (8)
where f0,s(ω, b) = [nF (ω + b)± nF (ω − b)] /2. Note that
n˜F (ω, b) does not commute with G˜
R(ω), and the lesser
GF is found as [30] (see also SM [29]):
G˜<(ω) = n˜F G˜
A
S − G˜RS n˜F + G˜RS (Vin˜F − n˜FVi)G˜AS . (9)
The instantaneous spin expectation value at the position
of the impurity in the rotating frame is
〈σ˜(0)〉 = −i
2pi
∫ ∞
−∞
dωTr
[(
σ ⊗ 1 + τz
2
)
G˜<(ω)
]
, (10)
which contains both the in-gap (Shiba) and the bulk
(continuum of states) contributions, respectively. Here,
the (1 + τz)/2 term is introduced in order to account
for only the electron components. For a static impurity
spin, the imaginary part of the integrand in Eq. (10) is
a Lorentzian function located at the Shiba energies and
the expectation value of the spins is non-zero for a finite
Shiba linewidth. The contribution to 〈σ˜(0)〉 is only due
to the Shiba states and it points along the classical spin
direction resulting in zero net torque in the absence of
precession, as expected. For the dynamic case, the spin
expectation value has contribution from both the Shiba
and the bulk states, as discussed below.
Effect of the Shiba states − The in-gap Shiba contribu-
tion stems from the range of integration ω ∈ [−∆+b,∆−
b] in Eq. 10. While later on we will evaluate this term
fully numerically, let us next consider the deep Shiba
limit [21, 31, 32] and b/∆  1 so that these states are
well separated from the bulk. As mentioned before, the
average spin of the Shiba state for precessing case is no
longer along the classical spin direction n (see SM for
details [29]) and hence, a finite torque acts on the clas-
sical spin due to this deviation which in turn will affect
its dynamics. After lengthy but straightforward calcu-
lations, we find compact analytical expressions for the
spin expectations values that pertain to the reactive and
dissipative torques, respectively, and at T → 0:
〈σ˜a,R〉 ≈ −b(n+ + n− cos θ); 〈σ˜a,D〉 ≈ ΓS n− , (11)
n± =
1
2pi
∑
s=±1
sp arctan
(
E′S + sb
ΓS
)
, (12)
where ΓS = (2/N) Γ is the effective Shiba linewidth and
p = 0(1) for n+(−). Eqs. 11 supplemented with the plots
in Fig. 2 is the main finding in this work. In the rotating
frame, we can write the torque stemming from the Shiba
state only as
τS =〈σ˜a,R〉n× z + 〈σ˜a,D〉n× (z × n) , (13)
where the first (second) term correspond to the reactive
(dissipative) torque τS,R (τS,D). We see that both the
reactive and dissipative torques vanish for either b = 0
or θ = 0, pi, as expected. Moreover, the reactive torque
can be casted in the form shown in Eq. 5, by identifying
nS ≡ 1/2− (n+ + n− cos θ) as the occupation number of
the Shiba state (see SM).
A few comments are in place. In order to extract the
dissipative torque, we accounted for the linewidth Γ not
only in the denominator (that reflects the Shiba state life-
time through ΓS), but also in the numerator M0 and M .
Our expansion goes beyond the effective Shiba approxi-
mations discussed in, for example, Ref. [31], where they
neglect contributions of Γ in the numerator, and which
would naively lead to a vanishing dissipative torque. Our
theory shows, we believe, one of the first instances where
such an effective approach is not sufficient for the case of
Shiba states in superconductors.
Bulk effects − The above torques account only for
the in-gap contributions stemming from the Shiba poles,
while the full average spin value at the impurity can be
evaluated only numerically. Interestingly, in the general
case, the integrand in Eq. 10 is non-zero even when Γ = 0
for |ω| > ∆−b. Hence, the precession of the impurity can
result in a finite contribution of the bulk states to the dy-
namical torques, absent in the static case. The total spin
expectation value can be written as 〈σ˜〉 = 〈σ˜B〉 + 〈σ˜S〉
(and similarly for the torques), denoting sum of the bulk
and Shiba contributions, respectively. We have calcu-
lated numerically the reactive and dissipative compo-
nents of the torque τ and established their dependence
on various parameters, such as b, α, Γ and θ (see Fig. 2).
We plot the total reactive torque (τR) and Shiba contri-
bution to the reactive torque (τS,R) in Fig. 2. The differ-
ence between τR and τS,R accounts for the bulk contribu-
tion to the reactive torque. The plot for the dissipative
torque (τD) is given in the inset of each of the plots in
Fig. 2 which has contribution only from the Shiba states
and the bulk contribution is zero. To compare the nu-
merics for the Shiba contribution with the analytics, we
also plot the reactive (τa,R) and dissipative torques τa,D
calculated from the Eq. (11) shown by the dotted line
in the plots. We see a very good agreement between the
analytic expressions and the Shiba contribution obtained
from the numerics for small b (Fig. 2a) and assuming the
deep Shiba limit (Fig. 2b). Furthermore, in this limit, τR
and τS,R coincide, proving that only the Shiba state con-
tributes to the reactive torque and the bulk contribution
tends to zero. Moving away from the deep Shiba limit,
there is finite bulk contribution to the reactive torque as
the Shiba state moves towards the continuum on moving
away from α → 1 (see Fig. 2b). Fig. 2(c) and (d) shows
the behavior of the dynamical torques as a function of
4⇥10 3
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⌧a,R
<latexit sha1_base64="zEMsf4syzdt7wUShCRJzZwYkjGY=">AAAB8X icbVBNS8NAEN3Ur1q/qh69LBbBg5RECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/ sH5cOjlolTzXiTxTLWnQAMl0LxJgqUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fcqjsHXSVeTiokR6Nf/uoNYpZGXCGTY EzXcxP0M9AomOTTUi81PAE2hiHvWqog4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ29TwdCc4ZyYgkw LeytlI1AA0MbUsmG4C2/vEpal1XPrXp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4syzdt7wUShCRJzZwYkjGY=">AAAB8X icbVBNS8NAEN3Ur1q/qh69LBbBg5RECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/ sH5cOjlolTzXiTxTLWnQAMl0LxJgqUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fcqjsHXSVeTiokR6Nf/uoNYpZGXCGTY EzXcxP0M9AomOTTUi81PAE2hiHvWqog4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ29TwdCc4ZyYgkw LeytlI1AA0MbUsmG4C2/vEpal1XPrXp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4syzdt7wUShCRJzZwYkjGY=">AAAB8X icbVBNS8NAEN3Ur1q/qh69LBbBg5RECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/ sH5cOjlolTzXiTxTLWnQAMl0LxJgqUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fcqjsHXSVeTiokR6Nf/uoNYpZGXCGTY EzXcxP0M9AomOTTUi81PAE2hiHvWqog4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ29TwdCc4ZyYgkw LeytlI1AA0MbUsmG4C2/vEpal1XPrXp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4syzdt7wUShCRJzZwYkjGY=">AAAB8X icbVBNS8NAEN3Ur1q/qh69LBbBg5RECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/ sH5cOjlolTzXiTxTLWnQAMl0LxJgqUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fcqjsHXSVeTiokR6Nf/uoNYpZGXCGTY EzXcxP0M9AomOTTUi81PAE2hiHvWqog4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ29TwdCc4ZyYgkw LeytlI1AA0MbUsmG4C2/vEpal1XPrXp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj8gfP5A2QdkKw=</latexit>
⌧R
<latexit sha1_b ase64="XIEpDDUouzO2ePaQuI+JEu 7xnz4=">AAAB73icbVBNS8NAEJ3Ur 1q/qh69LBbBU0mkoMeCF49V7Ae0o Wy2m3bpZpPuToQS+ie8eFDEq3/Hm/ /GbZuDtj4YeLw3w8y8IJHCoOt+O4W Nza3tneJuaW//4PCofHzSMnGqGW+y WMa6E1DDpVC8iQIl7ySa0yiQvB2Mb +d++4lrI2L1iNOE+xEdKhEKRtFKnR 7StJ89zPrlilt1FyDrxMtJBXI0+uW v3iBmacQVMkmN6Xpugn5GNQom+az USw1PKBvTIe9aqmjEjZ8t7p2RC6sM SBhrWwrJQv09kdHImGkU2M6I4sise nPxP6+bYnjjZ0IlKXLFlovCVBKMyf x5MhCaM5RTSyjTwt5K2IhqytBGVLI heKsvr5PWVdVzq959rVKv5XEU4QzO 4RI8uIY63EEDmsBAwjO8wpszcV6c d+dj2Vpw8plT+APn8wc9+ZAL</lat exit><latexit sha1_b ase64="XIEpDDUouzO2ePaQuI+JEu 7xnz4=">AAAB73icbVBNS8NAEJ3Ur 1q/qh69LBbBU0mkoMeCF49V7Ae0o Wy2m3bpZpPuToQS+ie8eFDEq3/Hm/ /GbZuDtj4YeLw3w8y8IJHCoOt+O4W Nza3tneJuaW//4PCofHzSMnGqGW+y WMa6E1DDpVC8iQIl7ySa0yiQvB2Mb +d++4lrI2L1iNOE+xEdKhEKRtFKnR 7StJ89zPrlilt1FyDrxMtJBXI0+uW v3iBmacQVMkmN6Xpugn5GNQom+az USw1PKBvTIe9aqmjEjZ8t7p2RC6sM SBhrWwrJQv09kdHImGkU2M6I4sise nPxP6+bYnjjZ0IlKXLFlovCVBKMyf x5MhCaM5RTSyjTwt5K2IhqytBGVLI heKsvr5PWVdVzq959rVKv5XEU4QzO 4RI8uIY63EEDmsBAwjO8wpszcV6c d+dj2Vpw8plT+APn8wc9+ZAL</lat exit><latexit sha1_b ase64="XIEpDDUouzO2ePaQuI+JEu 7xnz4=">AAAB73icbVBNS8NAEJ3Ur 1q/qh69LBbBU0mkoMeCF49V7Ae0o Wy2m3bpZpPuToQS+ie8eFDEq3/Hm/ /GbZuDtj4YeLw3w8y8IJHCoOt+O4W Nza3tneJuaW//4PCofHzSMnGqGW+y WMa6E1DDpVC8iQIl7ySa0yiQvB2Mb +d++4lrI2L1iNOE+xEdKhEKRtFKnR 7StJ89zPrlilt1FyDrxMtJBXI0+uW v3iBmacQVMkmN6Xpugn5GNQom+az USw1PKBvTIe9aqmjEjZ8t7p2RC6sM SBhrWwrJQv09kdHImGkU2M6I4sise nPxP6+bYnjjZ0IlKXLFlovCVBKMyf x5MhCaM5RTSyjTwt5K2IhqytBGVLI heKsvr5PWVdVzq959rVKv5XEU4QzO 4RI8uIY63EEDmsBAwjO8wpszcV6c d+dj2Vpw8plT+APn8wc9+ZAL</lat exit><latexit sha1_b ase64="XIEpDDUouzO2ePaQuI+JEu 7xnz4=">AAAB73icbVBNS8NAEJ3Ur 1q/qh69LBbBU0mkoMeCF49V7Ae0o Wy2m3bpZpPuToQS+ie8eFDEq3/Hm/ /GbZuDtj4YeLw3w8y8IJHCoOt+O4W Nza3tneJuaW//4PCofHzSMnGqGW+y WMa6E1DDpVC8iQIl7ySa0yiQvB2Mb +d++4lrI2L1iNOE+xEdKhEKRtFKnR 7StJ89zPrlilt1FyDrxMtJBXI0+uW v3iBmacQVMkmN6Xpugn5GNQom+az USw1PKBvTIe9aqmjEjZ8t7p2RC6sM SBhrWwrJQv09kdHImGkU2M6I4sise nPxP6+bYnjjZ0IlKXLFlovCVBKMyf x5MhCaM5RTSyjTwt5K2IhqytBGVLI heKsvr5PWVdVzq959rVKv5XEU4QzO 4RI8uIY63EEDmsBAwjO8wpszcV6c d+dj2Vpw8plT+APn8wc9+ZAL</lat exit>
⌧S,R
<latexit sha1_b ase64="UU9khEDms7RN3Fo9VeeaAN IJ1kY=">AAAB8XicbVDLSgNBEOz1G eMr6tHLYBA8SNiVgB4DXjzGRx6YL GF2MpsMmZ1dZnqFsOQvvHhQxKt/48 2/cZLsQRMLGoqqbrq7gkQKg6777ay srq1vbBa2its7u3v7pYPDpolTzXiD xTLW7YAaLoXiDRQoeTvRnEaB5K1gd D31W09cGxGrBxwn3I/oQIlQMIpWeu wiTXvZ/fndpFcquxV3BrJMvJyUIUe 9V/rq9mOWRlwhk9SYjucm6GdUo2C ST4rd1PCEshEd8I6likbc+Nns4gk5 tUqfhLG2pZDM1N8TGY2MGUeB7YwoD s2iNxX/8zophld+JlSSIldsvihMJc GYTN8nfaE5Qzm2hDIt7K2EDammDG1 IRRuCt/jyMmleVDy34t1Wy7VqHkcB juEEzsCDS6jBDdShAQwUPMMrvDnG eXHenY9564qTzxzBHzifP067kJ4=< /latexit><latexit sha1_b ase64="UU9khEDms7RN3Fo9VeeaAN IJ1kY=">AAAB8XicbVDLSgNBEOz1G eMr6tHLYBA8SNiVgB4DXjzGRx6YL GF2MpsMmZ1dZnqFsOQvvHhQxKt/48 2/cZLsQRMLGoqqbrq7gkQKg6777ay srq1vbBa2its7u3v7pYPDpolTzXiD xTLW7YAaLoXiDRQoeTvRnEaB5K1gd D31W09cGxGrBxwn3I/oQIlQMIpWeu wiTXvZ/fndpFcquxV3BrJMvJyUIUe 9V/rq9mOWRlwhk9SYjucm6GdUo2C ST4rd1PCEshEd8I6likbc+Nns4gk5 tUqfhLG2pZDM1N8TGY2MGUeB7YwoD s2iNxX/8zophld+JlSSIldsvihMJc GYTN8nfaE5Qzm2hDIt7K2EDammDG1 IRRuCt/jyMmleVDy34t1Wy7VqHkcB juEEzsCDS6jBDdShAQwUPMMrvDnG eXHenY9564qTzxzBHzifP067kJ4=< /latexit><latexit sha1_b ase64="UU9khEDms7RN3Fo9VeeaAN IJ1kY=">AAAB8XicbVDLSgNBEOz1G eMr6tHLYBA8SNiVgB4DXjzGRx6YL GF2MpsMmZ1dZnqFsOQvvHhQxKt/48 2/cZLsQRMLGoqqbrq7gkQKg6777ay srq1vbBa2its7u3v7pYPDpolTzXiD xTLW7YAaLoXiDRQoeTvRnEaB5K1gd D31W09cGxGrBxwn3I/oQIlQMIpWeu wiTXvZ/fndpFcquxV3BrJMvJyUIUe 9V/rq9mOWRlwhk9SYjucm6GdUo2C ST4rd1PCEshEd8I6likbc+Nns4gk5 tUqfhLG2pZDM1N8TGY2MGUeB7YwoD s2iNxX/8zophld+JlSSIldsvihMJc GYTN8nfaE5Qzm2hDIt7K2EDammDG1 IRRuCt/jyMmleVDy34t1Wy7VqHkcB juEEzsCDS6jBDdShAQwUPMMrvDnG eXHenY9564qTzxzBHzifP067kJ4=< /latexit><latexit sha1_b ase64="UU9khEDms7RN3Fo9VeeaAN IJ1kY=">AAAB8XicbVDLSgNBEOz1G eMr6tHLYBA8SNiVgB4DXjzGRx6YL GF2MpsMmZ1dZnqFsOQvvHhQxKt/48 2/cZLsQRMLGoqqbrq7gkQKg6777ay srq1vbBa2its7u3v7pYPDpolTzXiD xTLW7YAaLoXiDRQoeTvRnEaB5K1gd D31W09cGxGrBxwn3I/oQIlQMIpWeu wiTXvZ/fndpFcquxV3BrJMvJyUIUe 9V/rq9mOWRlwhk9SYjucm6GdUo2C ST4rd1PCEshEd8I6likbc+Nns4gk5 tUqfhLG2pZDM1N8TGY2MGUeB7YwoD s2iNxX/8zophld+JlSSIldsvihMJc GYTN8nfaE5Qzm2hDIt7K2EDammDG1 IRRuCt/jyMmleVDy34t1Wy7VqHkcB juEEzsCDS6jBDdShAQwUPMMrvDnG eXHenY9564qTzxzBHzifP067kJ4=< /latexit>
⌧a,R
<latexit sha1_b ase64="zEMsf4syzdt7wUShCRJzZw YkjGY=">AAAB8XicbVBNS8NAEN3Ur 1q/qh69LBbBg5RECnosePFYxX5gG 8pku2mXbjZhdyKU0H/hxYMiXv033v w3btsctPXBwOO9GWbmBYkUBl332ym srW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnQAMl0LxJgqUvJNoDlEgeTsY3 8z89hPXRsTqAScJ9yMYKhEKBmilxx 5C2s/g4n7aL1fcqjsHXSVeTiokR6N f/uoNYpZGXCGTYEzXcxP0M9AomOT TUi81PAE2hiHvWqog4sbP5hdP6ZlV BjSMtS2FdK7+nsggMmYSBbYzAhyZZ W8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ 29TwdCc4ZyYgkwLeytlI1AA0MbUsm G4C2/vEpal1XPrXp3tUq9lsdRJCfk lJwTj1yROrklDdIkjCjyTF7Jm2Oc F+fd+Vi0Fpx85pj8gfP5A2QdkKw=< /latexit><latexit sha1_b ase64="zEMsf4syzdt7wUShCRJzZw YkjGY=">AAAB8XicbVBNS8NAEN3Ur 1q/qh69LBbBg5RECnosePFYxX5gG 8pku2mXbjZhdyKU0H/hxYMiXv033v w3btsctPXBwOO9GWbmBYkUBl332ym srW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnQAMl0LxJgqUvJNoDlEgeTsY3 8z89hPXRsTqAScJ9yMYKhEKBmilxx 5C2s/g4n7aL1fcqjsHXSVeTiokR6N f/uoNYpZGXCGTYEzXcxP0M9AomOT TUi81PAE2hiHvWqog4sbP5hdP6ZlV BjSMtS2FdK7+nsggMmYSBbYzAhyZZ W8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ 29TwdCc4ZyYgkwLeytlI1AA0MbUsm G4C2/vEpal1XPrXp3tUq9lsdRJCfk lJwTj1yROrklDdIkjCjyTF7Jm2Oc F+fd+Vi0Fpx85pj8gfP5A2QdkKw=< /latexit><latexit sha1_b ase64="zEMsf4syzdt7wUShCRJzZw YkjGY=">AAAB8XicbVBNS8NAEN3Ur 1q/qh69LBbBg5RECnosePFYxX5gG 8pku2mXbjZhdyKU0H/hxYMiXv033v w3btsctPXBwOO9GWbmBYkUBl332ym srW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnQAMl0LxJgqUvJNoDlEgeTsY3 8z89hPXRsTqAScJ9yMYKhEKBmilxx 5C2s/g4n7aL1fcqjsHXSVeTiokR6N f/uoNYpZGXCGTYEzXcxP0M9AomOT TUi81PAE2hiHvWqog4sbP5hdP6ZlV BjSMtS2FdK7+nsggMmYSBbYzAhyZZ W8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ 29TwdCc4ZyYgkwLeytlI1AA0MbUsm G4C2/vEpal1XPrXp3tUq9lsdRJCfk lJwTj1yROrklDdIkjCjyTF7Jm2Oc F+fd+Vi0Fpx85pj8gfP5A2QdkKw=< /latexit><latexit sha1_b ase64="zEMsf4syzdt7wUShCRJzZw YkjGY=">AAAB8XicbVBNS8NAEN3Ur 1q/qh69LBbBg5RECnosePFYxX5gG 8pku2mXbjZhdyKU0H/hxYMiXv033v w3btsctPXBwOO9GWbmBYkUBl332ym srW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnQAMl0LxJgqUvJNoDlEgeTsY3 8z89hPXRsTqAScJ9yMYKhEKBmilxx 5C2s/g4n7aL1fcqjsHXSVeTiokR6N f/uoNYpZGXCGTYEzXcxP0M9AomOT TUi81PAE2hiHvWqog4sbP5hdP6ZlV BjSMtS2FdK7+nsggMmYSBbYzAhyZZ W8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ 29TwdCc4ZyYgkwLeytlI1AA0MbUsm G4C2/vEpal1XPrXp3tUq9lsdRJCfk lJwTj1yROrklDdIkjCjyTF7Jm2Oc F+fd+Vi0Fpx85pj8gfP5A2QdkKw=< /latexit>
⌧R
<latexit sha1_base64="XIEpDDU ouzO2ePaQuI+JEu7xnz4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m koMeCF49V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w 8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQ Il7ySa0yiQvB2Mb+d++4lrI2L1iNOE+xEdKhEKRtFKnR7StJ89zPrlilt1 FyDrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+azUSw1PKBvTIe9aqm jEjZ8t7p2RC6sMSBhrWwrJQv09kdHImGkU2M6I4sisenPxP6+bYnjjZ0Il KXLFlovCVBKMyfx5MhCaM5RTSyjTwt5K2IhqytBGVLIheKsvr5PWVdVzq 959rVKv5XEU4QzO4RI8uIY63EEDmsBAwjO8wpszcV6cd+dj2Vpw8plT+AP n8wc9+ZAL</latexit><latexit sha1_base64="XIEpDDU ouzO2ePaQuI+JEu7xnz4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m koMeCF49V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w 8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQ Il7ySa0yiQvB2Mb+d++4lrI2L1iNOE+xEdKhEKRtFKnR7StJ89zPrlilt1 FyDrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+azUSw1PKBvTIe9aqm jEjZ8t7p2RC6sMSBhrWwrJQv09kdHImGkU2M6I4sisenPxP6+bYnjjZ0Il KXLFlovCVBKMyfx5MhCaM5RTSyjTwt5K2IhqytBGVLIheKsvr5PWVdVzq 959rVKv5XEU4QzO4RI8uIY63EEDmsBAwjO8wpszcV6cd+dj2Vpw8plT+AP n8wc9+ZAL</latexit><latexit sha1_base64="XIEpDDU ouzO2ePaQuI+JEu7xnz4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m koMeCF49V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w 8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQ Il7ySa0yiQvB2Mb+d++4lrI2L1iNOE+xEdKhEKRtFKnR7StJ89zPrlilt1 FyDrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+azUSw1PKBvTIe9aqm jEjZ8t7p2RC6sMSBhrWwrJQv09kdHImGkU2M6I4sisenPxP6+bYnjjZ0Il KXLFlovCVBKMyfx5MhCaM5RTSyjTwt5K2IhqytBGVLIheKsvr5PWVdVzq 959rVKv5XEU4QzO4RI8uIY63EEDmsBAwjO8wpszcV6cd+dj2Vpw8plT+AP n8wc9+ZAL</latexit><latexit sha1_base64="XIEpDDU ouzO2ePaQuI+JEu7xnz4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m koMeCF49V7Ae0oWy2m3bpZpPuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w 8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQ Il7ySa0yiQvB2Mb+d++4lrI2L1iNOE+xEdKhEKRtFKnR7StJ89zPrlilt1 FyDrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+azUSw1PKBvTIe9aqm jEjZ8t7p2RC6sMSBhrWwrJQv09kdHImGkU2M6I4sisenPxP6+bYnjjZ0Il KXLFlovCVBKMyfx5MhCaM5RTSyjTwt5K2IhqytBGVLIheKsvr5PWVdVzq 959rVKv5XEU4QzO4RI8uIY63EEDmsBAwjO8wpszcV6cd+dj2Vpw8plT+AP n8wc9+ZAL</latexit>
⌧S,R
<latexit sha1_base64="UU9khED ms7RN3Fo9VeeaANIJ1kY=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNi VgB4DXjzGRx6YLGF2MpsMmZ1dZnqFsOQvvHhQxKt/482/cZLsQRMLGoqqb rq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDR QoeTvRnEaB5K1gdD31W09cGxGrBxwn3I/oQIlQMIpWeuwiTXvZ/fndpFcq uxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I 6likbc+Nns4gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+ JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IRRuCt/jyMmleV Dy34t1Wy7VqHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnGeXHenY9564qTzxz BHzifP067kJ4=</latexit><latexit sha1_base64="UU9khED ms7RN3Fo9VeeaANIJ1kY=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNi VgB4DXjzGRx6YLGF2MpsMmZ1dZnqFsOQvvHhQxKt/482/cZLsQRMLGoqqb rq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDR QoeTvRnEaB5K1gdD31W09cGxGrBxwn3I/oQIlQMIpWeuwiTXvZ/fndpFcq uxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I 6likbc+Nns4gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+ JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IRRuCt/jyMmleV Dy34t1Wy7VqHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnGeXHenY9564qTzxz BHzifP067kJ4=</latexit><latexit sha1_base64="UU9khED ms7RN3Fo9VeeaANIJ1kY=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNi VgB4DXjzGRx6YLGF2MpsMmZ1dZnqFsOQvvHhQxKt/482/cZLsQRMLGoqqb rq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDR QoeTvRnEaB5K1gdD31W09cGxGrBxwn3I/oQIlQMIpWeuwiTXvZ/fndpFcq uxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I 6likbc+Nns4gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+ JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IRRuCt/jyMmleV Dy34t1Wy7VqHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnGeXHenY9564qTzxz BHzifP067kJ4=</latexit><latexit sha1_base64="UU9khED ms7RN3Fo9VeeaANIJ1kY=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNi VgB4DXjzGRx6YLGF2MpsMmZ1dZnqFsOQvvHhQxKt/482/cZLsQRMLGoqqb rq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDR QoeTvRnEaB5K1gdD31W09cGxGrBxwn3I/oQIlQMIpWeuwiTXvZ/fndpFcq uxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I 6likbc+Nns4gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+ JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IRRuCt/jyMmleV Dy34t1Wy7VqHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnGeXHenY9564qTzxz BHzifP067kJ4=</latexit>
⌧a,R
<latexit sha1_base64="zEMsf4s yzdt7wUShCRJzZwYkjGY=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5R ECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9G WbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnQAMl0LxJg qUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fc qjsHXSVeTiokR6Nf/uoNYpZGXCGTYEzXcxP0M9AomOTTUi81PAE2hiHvWq og4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/Uyo JEWu2GJRmEqKMZ29TwdCc4ZyYgkwLeytlI1AA0MbUsmG4C2/vEpal1XPr Xp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj 8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4s yzdt7wUShCRJzZwYkjGY=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5R ECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9G WbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnQAMl0LxJg qUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fc qjsHXSVeTiokR6Nf/uoNYpZGXCGTYEzXcxP0M9AomOTTUi81PAE2hiHvWq og4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/Uyo JEWu2GJRmEqKMZ29TwdCc4ZyYgkwLeytlI1AA0MbUsmG4C2/vEpal1XPr Xp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj 8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4s yzdt7wUShCRJzZwYkjGY=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5R ECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9G WbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnQAMl0LxJg qUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fc qjsHXSVeTiokR6Nf/uoNYpZGXCGTYEzXcxP0M9AomOTTUi81PAE2hiHvWq og4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/Uyo JEWu2GJRmEqKMZ29TwdCc4ZyYgkwLeytlI1AA0MbUsmG4C2/vEpal1XPr Xp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj 8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4s yzdt7wUShCRJzZwYkjGY=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5R ECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9G WbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnQAMl0LxJg qUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fc qjsHXSVeTiokR6Nf/uoNYpZGXCGTYEzXcxP0M9AomOTTUi81PAE2hiHvWq og4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/Uyo JEWu2GJRmEqKMZ29TwdCc4ZyYgkwLeytlI1AA0MbUsmG4C2/vEpal1XPr Xp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj 8gfP5A2QdkKw=</latexit>
⌧a,D
<latexit sha1_base64="wYW+64c neHsGu3traT8JtBzSFBo=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5R ECnos6MFjBfuBbSiT7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3Z piZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwIwXArFmy hQ8k6iOUSB5O1gfDPz209cGxGrB5wk3I9gqEQoGKCVHnsIaT+Di9tpv1xx q+4cdJV4OamQHI1++as3iFkacYVMgjFdz03Qz0CjYJJPS73U8ATYGIa8a6 mCiBs/m188pWdWGdAw1rYU0rn6eyKDyJhJFNjOCHBklr2Z+J/XTTG89jOh khS5YotFYSopxnT2Ph0IzRnKiSXAtLC3UjYCDQxtSCUbgrf88ippXVY9t +rd1yr1Wh5HkZyQU3JOPHJF6uSONEiTMKLIM3klb45xXpx352PRWnDymWP yB87nD07XkJ4=</latexit><latexit sha1_base64="wYW+64c neHsGu3traT8JtBzSFBo=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5R ECnos6MFjBfuBbSiT7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3Z piZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwIwXArFmy hQ8k6iOUSB5O1gfDPz209cGxGrB5wk3I9gqEQoGKCVHnsIaT+Di9tpv1xx q+4cdJV4OamQHI1++as3iFkacYVMgjFdz03Qz0CjYJJPS73U8ATYGIa8a6 mCiBs/m188pWdWGdAw1rYU0rn6eyKDyJhJFNjOCHBklr2Z+J/XTTG89jOh khS5YotFYSopxnT2Ph0IzRnKiSXAtLC3UjYCDQxtSCUbgrf88ippXVY9t +rd1yr1Wh5HkZyQU3JOPHJF6uSONEiTMKLIM3klb45xXpx352PRWnDymWP yB87nD07XkJ4=</latexit><latexit sha1_base64="wYW+64c neHsGu3traT8JtBzSFBo=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5R ECnos6MFjBfuBbSiT7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3Z piZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwIwXArFmy hQ8k6iOUSB5O1gfDPz209cGxGrB5wk3I9gqEQoGKCVHnsIaT+Di9tpv1xx q+4cdJV4OamQHI1++as3iFkacYVMgjFdz03Qz0CjYJJPS73U8ATYGIa8a6 mCiBs/m188pWdWGdAw1rYU0rn6eyKDyJhJFNjOCHBklr2Z+J/XTTG89jOh khS5YotFYSopxnT2Ph0IzRnKiSXAtLC3UjYCDQxtSCUbgrf88ippXVY9t +rd1yr1Wh5HkZyQU3JOPHJF6uSONEiTMKLIM3klb45xXpx352PRWnDymWP yB87nD07XkJ4=</latexit><latexit sha1_base64="wYW+64c neHsGu3traT8JtBzSFBo=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5R ECnos6MFjBfuBbSiT7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3Z piZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwIwXArFmy hQ8k6iOUSB5O1gfDPz209cGxGrB5wk3I9gqEQoGKCVHnsIaT+Di9tpv1xx q+4cdJV4OamQHI1++as3iFkacYVMgjFdz03Qz0CjYJJPS73U8ATYGIa8a6 mCiBs/m188pWdWGdAw1rYU0rn6eyKDyJhJFNjOCHBklr2Z+J/XTTG89jOh khS5YotFYSopxnT2Ph0IzRnKiSXAtLC3UjYCDQxtSCUbgrf88ippXVY9t +rd1yr1Wh5HkZyQU3JOPHJF6uSONEiTMKLIM3klb45xXpx352PRWnDymWP yB87nD07XkJ4=</latexit>
⌧D
<latexit sha1_base64="P6aiitH 4KxvzolVyikV+N9NjFGk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m koMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeD DPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJg qUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrdXpI0352N+uXK27V XYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqa IRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmV pMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5aV1XPr XoPtUq9lsdRhDM4h0vw4BrqcA8NaAIDCc/wCm/OxHlx3p2PZWvByWdO4Q+ czx8os4/9</latexit><latexit sha1_base64="P6aiitH 4KxvzolVyikV+N9NjFGk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m koMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeD DPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJg qUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrdXpI0352N+uXK27V XYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqa IRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmV pMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5aV1XPr XoPtUq9lsdRhDM4h0vw4BrqcA8NaAIDCc/wCm/OxHlx3p2PZWvByWdO4Q+ czx8os4/9</latexit><latexit sha1_base64="P6aiitH 4KxvzolVyikV+N9NjFGk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m koMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeD DPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJg qUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrdXpI0352N+uXK27V XYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqa IRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmV pMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5aV1XPr XoPtUq9lsdRhDM4h0vw4BrqcA8NaAIDCc/wCm/OxHlx3p2PZWvByWdO4Q+ czx8os4/9</latexit><latexit sha1_base64="P6aiitH 4KxvzolVyikV+N9NjFGk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m koMeCHjxWsB/QhrLZbtqlm026OxFK6J/w4kERr/4db/4bt20O2vpg4PHeD DPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJy8SpZrzJYhnrTkANl0LxJg qUvJNoTqNA8nYwvp377SeujYjVI04T7kd0qEQoGEUrdXpI0352N+uXK27V XYCsEy8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5LNSLzU8oWxMh7xrqa IRN362uHdGLqwyIGGsbSkkC/X3REYjY6ZRYDsjiiOz6s3F/7xuiuGNnwmV pMgVWy4KU0kwJvPnyUBozlBOLaFMC3srYSOqKUMbUcmG4K2+vE5aV1XPr XoPtUq9lsdRhDM4h0vw4BrqcA8NaAIDCc/wCm/OxHlx3p2PZWvByWdO4Q+ czx8os4/9</latexit>
(a)
<latexit sha1_b ase64="ZJXqlcQKCbeRhG+p3AGzEb 2B9z4=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWy3bRLN5uwuxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeq ji5aBccWvuAmSdeDmpQI7moPzVH8Y 0jZg0VKDWPc9NjJ+hMpwKNiv1U80 SpBMcsZ6lEiOm/Wxx6oxcWGVIwljZ koYs1N8TGUZaT6PAdkZoxnrVm4v/e b3UhDd+xmWSGibpclGYCmJiMv+bDL li1IipJUgVt7cSOkaF1Nh0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBRRG8Ayv8OYI58V5dz6W rQUnnzmFP3A+fwCEdY08</latexit ><latexit sha1_b ase64="ZJXqlcQKCbeRhG+p3AGzEb 2B9z4=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWy3bRLN5uwuxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeq ji5aBccWvuAmSdeDmpQI7moPzVH8Y 0jZg0VKDWPc9NjJ+hMpwKNiv1U80 SpBMcsZ6lEiOm/Wxx6oxcWGVIwljZ koYs1N8TGUZaT6PAdkZoxnrVm4v/e b3UhDd+xmWSGibpclGYCmJiMv+bDL li1IipJUgVt7cSOkaF1Nh0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBRRG8Ayv8OYI58V5dz6W rQUnnzmFP3A+fwCEdY08</latexit ><latexit sha1_b ase64="ZJXqlcQKCbeRhG+p3AGzEb 2B9z4=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWy3bRLN5uwuxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeq ji5aBccWvuAmSdeDmpQI7moPzVH8Y 0jZg0VKDWPc9NjJ+hMpwKNiv1U80 SpBMcsZ6lEiOm/Wxx6oxcWGVIwljZ koYs1N8TGUZaT6PAdkZoxnrVm4v/e b3UhDd+xmWSGibpclGYCmJiMv+bDL li1IipJUgVt7cSOkaF1Nh0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBRRG8Ayv8OYI58V5dz6W rQUnnzmFP3A+fwCEdY08</latexit ><latexit sha1_b ase64="ZJXqlcQKCbeRhG+p3AGzEb 2B9z4=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWy3bRLN5uwuxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeq ji5aBccWvuAmSdeDmpQI7moPzVH8Y 0jZg0VKDWPc9NjJ+hMpwKNiv1U80 SpBMcsZ6lEiOm/Wxx6oxcWGVIwljZ koYs1N8TGUZaT6PAdkZoxnrVm4v/e b3UhDd+xmWSGibpclGYCmJiMv+bDL li1IipJUgVt7cSOkaF1Nh0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBRRG8Ayv8OYI58V5dz6W rQUnnzmFP3A+fwCEdY08</latexit >
(b)
<latexit sha1_base64="OMH3Ai2 M26jES4ma0T9AUgqUBJ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXko iBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeD DPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFg qUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSDy0G54tbcBcg6 8XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42 eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx 5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfr zTqeRxFOINzqIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gC F+o09</latexit><latexit sha1_base64="OMH3Ai2 M26jES4ma0T9AUgqUBJ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXko iBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeD DPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFg qUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSDy0G54tbcBcg6 8XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42 eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx 5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfr zTqeRxFOINzqIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gC F+o09</latexit><latexit sha1_base64="OMH3Ai2 M26jES4ma0T9AUgqUBJ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXko iBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeD DPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFg qUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSDy0G54tbcBcg6 8XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42 eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx 5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfr zTqeRxFOINzqIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gC F+o09</latexit><latexit sha1_base64="OMH3Ai2 M26jES4ma0T9AUgqUBJ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXko iBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeD DPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFg qUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSDy0G54tbcBcg6 8XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42 eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx 5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfr zTqeRxFOINzqIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gC F+o09</latexit>
(c)
<latexit sha1_b ase64="jMLG+9AiMMhabmOjrdKokD Xe3xM=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkQKg6777RQ 2Nre2d4q7pb39g8Oj8vFJ28SpZrzF YhnrbkANl0LxFgqUvJtoTqNA8k4wu Z37nSeujYjVI04T7kd0pEQoGEUrPV TZ5aBccWvuAmSdeDmpQI7moPzVH8Y sjbhCJqkxPc9N0M+oRsEkn5X6qeE JZRM64j1LFY248bPFqTNyYZUhCWNt SyFZqL8nMhoZM40C2xlRHJtVby7+5 /VSDG/8TKgkRa7YclGYSoIxmf9Nhk JzhnJqCWVa2FsJG1NNGdp0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBQxG8Ayv8OZI58V5dz6W rQUnnzmFP3A+fwCHf40+</latexit ><latexit sha1_b ase64="jMLG+9AiMMhabmOjrdKokD Xe3xM=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkQKg6777RQ 2Nre2d4q7pb39g8Oj8vFJ28SpZrzF YhnrbkANl0LxFgqUvJtoTqNA8k4wu Z37nSeujYjVI04T7kd0pEQoGEUrPV TZ5aBccWvuAmSdeDmpQI7moPzVH8Y sjbhCJqkxPc9N0M+oRsEkn5X6qeE JZRM64j1LFY248bPFqTNyYZUhCWNt SyFZqL8nMhoZM40C2xlRHJtVby7+5 /VSDG/8TKgkRa7YclGYSoIxmf9Nhk JzhnJqCWVa2FsJG1NNGdp0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBQxG8Ayv8OZI58V5dz6W rQUnnzmFP3A+fwCHf40+</latexit ><latexit sha1_b ase64="jMLG+9AiMMhabmOjrdKokD Xe3xM=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkQKg6777RQ 2Nre2d4q7pb39g8Oj8vFJ28SpZrzF YhnrbkANl0LxFgqUvJtoTqNA8k4wu Z37nSeujYjVI04T7kd0pEQoGEUrPV TZ5aBccWvuAmSdeDmpQI7moPzVH8Y sjbhCJqkxPc9N0M+oRsEkn5X6qeE JZRM64j1LFY248bPFqTNyYZUhCWNt SyFZqL8nMhoZM40C2xlRHJtVby7+5 /VSDG/8TKgkRa7YclGYSoIxmf9Nhk JzhnJqCWVa2FsJG1NNGdp0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBQxG8Ayv8OZI58V5dz6W rQUnnzmFP3A+fwCHf40+</latexit ><latexit sha1_b ase64="jMLG+9AiMMhabmOjrdKokD Xe3xM=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkQKg6777RQ 2Nre2d4q7pb39g8Oj8vFJ28SpZrzF YhnrbkANl0LxFgqUvJtoTqNA8k4wu Z37nSeujYjVI04T7kd0pEQoGEUrPV TZ5aBccWvuAmSdeDmpQI7moPzVH8Y sjbhCJqkxPc9N0M+oRsEkn5X6qeE JZRM64j1LFY248bPFqTNyYZUhCWNt SyFZqL8nMhoZM40C2xlRHJtVby7+5 /VSDG/8TKgkRa7YclGYSoIxmf9Nhk JzhnJqCWVa2FsJG1NNGdp0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBQxG8Ayv8OZI58V5dz6W rQUnnzmFP3A+fwCHf40+</latexit >
(d)
<latexit sha1_base64="RnvMWtt 3D/kEEehnL44wHmT9ydk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXko iBT0WvHisaD+gDWWz2bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeD DPzglQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZrzFEpnobkANl0LxFg qUvJtqTuNA8k4wvp37nSeujUjUI05S7sd0qEQkGEUrPVTDy0G54tbcBcg6 8XJSgRzNQfmrHyYsi7lCJqkxPc9N0Z9SjYJJPiv1M8NTysZ0yHuWKhpz40 8Xp87IhVVCEiXalkKyUH9PTGlszCQObGdMcWRWvbn4n9fLMLrxp0KlGXLF louiTBJMyPxvEgrNGcqJJZRpYW8lbEQ1ZWjTKdkQvNWX10n7qua5Ne++X mnU8ziKcAbnUAUPrqEBd9CEFjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AG JBI0/</latexit><latexit sha1_base64="RnvMWtt 3D/kEEehnL44wHmT9ydk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXko iBT0WvHisaD+gDWWz2bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeD DPzglQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZrzFEpnobkANl0LxFg qUvJtqTuNA8k4wvp37nSeujUjUI05S7sd0qEQkGEUrPVTDy0G54tbcBcg6 8XJSgRzNQfmrHyYsi7lCJqkxPc9N0Z9SjYJJPiv1M8NTysZ0yHuWKhpz40 8Xp87IhVVCEiXalkKyUH9PTGlszCQObGdMcWRWvbn4n9fLMLrxp0KlGXLF louiTBJMyPxvEgrNGcqJJZRpYW8lbEQ1ZWjTKdkQvNWX10n7qua5Ne++X mnU8ziKcAbnUAUPrqEBd9CEFjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AG JBI0/</latexit><latexit sha1_base64="RnvMWtt 3D/kEEehnL44wHmT9ydk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXko iBT0WvHisaD+gDWWz2bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeD DPzglQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZrzFEpnobkANl0LxFg qUvJtqTuNA8k4wvp37nSeujUjUI05S7sd0qEQkGEUrPVTDy0G54tbcBcg6 8XJSgRzNQfmrHyYsi7lCJqkxPc9N0Z9SjYJJPiv1M8NTysZ0yHuWKhpz40 8Xp87IhVVCEiXalkKyUH9PTGlszCQObGdMcWRWvbn4n9fLMLrxp0KlGXLF louiTBJMyPxvEgrNGcqJJZRpYW8lbEQ1ZWjTKdkQvNWX10n7qua5Ne++X mnU8ziKcAbnUAUPrqEBd9CEFjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AG JBI0/</latexit><latexit sha1_base64="RnvMWtt 3D/kEEehnL44wHmT9ydk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXko iBT0WvHisaD+gDWWz2bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeD DPzglQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZrzFEpnobkANl0LxFg qUvJtqTuNA8k4wvp37nSeujUjUI05S7sd0qEQkGEUrPVTDy0G54tbcBcg6 8XJSgRzNQfmrHyYsi7lCJqkxPc9N0Z9SjYJJPiv1M8NTysZ0yHuWKhpz40 8Xp87IhVVCEiXalkKyUH9PTGlszCQObGdMcWRWvbn4n9fLMLrxp0KlGXLF louiTBJMyPxvEgrNGcqJJZRpYW8lbEQ1ZWjTKdkQvNWX10n7qua5Ne++X mnU8ziKcAbnUAUPrqEBd9CEFjAYwjO8wpsjnRfn3flYthacfOYU/sD5/AG JBI0/</latexit>
b
<latexit sha1_b ase64="+1rdlySY5qzqfL1bwjPVxm FhfUU=">AAAB6HicbVBNS8NAEJ3Ur 1q/qh69LBbBU0lEqN4KXjy2YD+gD WWznbRrN5uwuxFK6C/w4kERr/4kb/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TxbDF YhGrbkA1Ci6xZbgR2E0U0igQ2Akmd 3O/84RK81g+mGmCfkRHkoecUWOlZj AoV9yquwBZJ15OKpCjMSh/9YcxSyO Uhgmqdc9zE+NnVBnOBM5K/VRjQtm EjrBnqaQRaj9bHDojF1YZkjBWtqQh C/X3REYjradRYDsjasZ61ZuL/3m91 IQ3fsZlkhqUbLkoTAUxMZl/TYZcIT NiagllittbCRtTRZmx2ZRsCN7qy+u kfVX13KrXvK7Ub/M4inAG53AJHtSg DvfQgBYwQHiGV3hzHp0X5935WLYW nHzmFP7A+fwBwiyM3Q==</latexit ><latexit sha1_b ase64="+1rdlySY5qzqfL1bwjPVxm FhfUU=">AAAB6HicbVBNS8NAEJ3Ur 1q/qh69LBbBU0lEqN4KXjy2YD+gD WWznbRrN5uwuxFK6C/w4kERr/4kb/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TxbDF YhGrbkA1Ci6xZbgR2E0U0igQ2Akmd 3O/84RK81g+mGmCfkRHkoecUWOlZj AoV9yquwBZJ15OKpCjMSh/9YcxSyO Uhgmqdc9zE+NnVBnOBM5K/VRjQtm EjrBnqaQRaj9bHDojF1YZkjBWtqQh C/X3REYjradRYDsjasZ61ZuL/3m91 IQ3fsZlkhqUbLkoTAUxMZl/TYZcIT NiagllittbCRtTRZmx2ZRsCN7qy+u kfVX13KrXvK7Ub/M4inAG53AJHtSg DvfQgBYwQHiGV3hzHp0X5935WLYW nHzmFP7A+fwBwiyM3Q==</latexit ><latexit sha1_b ase64="+1rdlySY5qzqfL1bwjPVxm FhfUU=">AAAB6HicbVBNS8NAEJ3Ur 1q/qh69LBbBU0lEqN4KXjy2YD+gD WWznbRrN5uwuxFK6C/w4kERr/4kb/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TxbDF YhGrbkA1Ci6xZbgR2E0U0igQ2Akmd 3O/84RK81g+mGmCfkRHkoecUWOlZj AoV9yquwBZJ15OKpCjMSh/9YcxSyO Uhgmqdc9zE+NnVBnOBM5K/VRjQtm EjrBnqaQRaj9bHDojF1YZkjBWtqQh C/X3REYjradRYDsjasZ61ZuL/3m91 IQ3fsZlkhqUbLkoTAUxMZl/TYZcIT NiagllittbCRtTRZmx2ZRsCN7qy+u kfVX13KrXvK7Ub/M4inAG53AJHtSg DvfQgBYwQHiGV3hzHp0X5935WLYW nHzmFP7A+fwBwiyM3Q==</latexit ><latexit sha1_b ase64="+1rdlySY5qzqfL1bwjPVxm FhfUU=">AAAB6HicbVBNS8NAEJ3Ur 1q/qh69LBbBU0lEqN4KXjy2YD+gD WWznbRrN5uwuxFK6C/w4kERr/4kb/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TxbDF YhGrbkA1Ci6xZbgR2E0U0igQ2Akmd 3O/84RK81g+mGmCfkRHkoecUWOlZj AoV9yquwBZJ15OKpCjMSh/9YcxSyO Uhgmqdc9zE+NnVBnOBM5K/VRjQtm EjrBnqaQRaj9bHDojF1YZkjBWtqQh C/X3REYjradRYDsjasZ61ZuL/3m91 IQ3fsZlkhqUbLkoTAUxMZl/TYZcIT NiagllittbCRtTRZmx2ZRsCN7qy+u kfVX13KrXvK7Ub/M4inAG53AJHtSg DvfQgBYwQHiGV3hzHp0X5935WLYW nHzmFP7A+fwBwiyM3Q==</latexit >
⇥10 3
<latexit sha1_base6 4="AGnZE2RkcQd4smGsP9rVZKRLaA8=">AAAB 9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLe PEYwTwg2YTZySQZMju7zPQqYcl/ePGgiFf/xZ t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+ Q3C1vbO7t7xf2DuokSzXiNRTLSzYAaLoXiNRQ oeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+ YBSt1GmjCLkhnttJzy4m3WLJLbszkGXiZaQEG ard4le7F7Ek5AqZpMa0PDdGP6UaBZN8Umgnhs eUjeiAtyxV1C7z09nVE3JilR7pR9qWQjJTf0+ kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLz Rf1EEozINALSE5ozlGNLKNPC3krYkGrK0AZV sCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgC ipwB1WoAQMNz/AKb86T8+K8Ox/z1pyTzRzCHz ifP1EhkbI=</latexit><latexit sha1_base6 4="AGnZE2RkcQd4smGsP9rVZKRLaA8=">AAAB 9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLe PEYwTwg2YTZySQZMju7zPQqYcl/ePGgiFf/xZ t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+ Q3C1vbO7t7xf2DuokSzXiNRTLSzYAaLoXiNRQ oeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+ YBSt1GmjCLkhnttJzy4m3WLJLbszkGXiZaQEG ard4le7F7Ek5AqZpMa0PDdGP6UaBZN8Umgnhs eUjeiAtyxV1C7z09nVE3JilR7pR9qWQjJTf0+ kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLz Rf1EEozINALSE5ozlGNLKNPC3krYkGrK0AZV sCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgC ipwB1WoAQMNz/AKb86T8+K8Ox/z1pyTzRzCHz ifP1EhkbI=</latexit><latexit sha1_base6 4="AGnZE2RkcQd4smGsP9rVZKRLaA8=">AAAB 9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLe PEYwTwg2YTZySQZMju7zPQqYcl/ePGgiFf/xZ t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+ Q3C1vbO7t7xf2DuokSzXiNRTLSzYAaLoXiNRQ oeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+ YBSt1GmjCLkhnttJzy4m3WLJLbszkGXiZaQEG ard4le7F7Ek5AqZpMa0PDdGP6UaBZN8Umgnhs eUjeiAtyxV1C7z09nVE3JilR7pR9qWQjJTf0+ kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLz Rf1EEozINALSE5ozlGNLKNPC3krYkGrK0AZV sCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgC ipwB1WoAQMNz/AKb86T8+K8Ox/z1pyTzRzCHz ifP1EhkbI=</latexit><latexit sha1_base6 4="AGnZE2RkcQd4smGsP9rVZKRLaA8=">AAAB 9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLe PEYwTwg2YTZySQZMju7zPQqYcl/ePGgiFf/xZ t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+ Q3C1vbO7t7xf2DuokSzXiNRTLSzYAaLoXiNRQ oeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+ YBSt1GmjCLkhnttJzy4m3WLJLbszkGXiZaQEG ard4le7F7Ek5AqZpMa0PDdGP6UaBZN8Umgnhs eUjeiAtyxV1C7z09nVE3JilR7pR9qWQjJTf0+ kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLz Rf1EEozINALSE5ozlGNLKNPC3krYkGrK0AZV sCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgC ipwB1WoAQMNz/AKb86T8+K8Ox/z1pyTzRzCHz ifP1EhkbI=</latexit>
( )
<latexit sha1_b ase64="ZJXqlcQKCbeRhG+p3AGzEb 2B9z4=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWy3bRLN5uwuxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeq ji5aBccWvuAmSdeDmpQI7moPzVH8Y 0jZg0VKDWPc9NjJ+hMpwKNiv1U80 SpBMcsZ6lEiOm/Wxx6oxcWGVIwljZ koYs1N8TGUZaT6PAdkZoxnrVm4v/e b3UhDd+xmWSGibpclGYCmJiMv+bDL li1IipJUgVt7cSOkaF1Nh0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBRRG8Ayv8OYI58V5dz6W rQUnnzmFP3A+fwCEdY08</latexit ><latexit sha1_b ase64="ZJXqlcQKCbeRhG+p3AGzEb 2B9z4=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWy3bRLN5uwuxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeq ji5aBccWvuAmSdeDmpQI7moPzVH8Y 0jZg0VKDWPc9NjJ+hMpwKNiv1U80 SpBMcsZ6lEiOm/Wxx6oxcWGVIwljZ koYs1N8TGUZaT6PAdkZoxnrVm4v/e b3UhDd+xmWSGibpclGYCmJiMv+bDL li1IipJUgVt7cSOkaF1Nh0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBRRG8Ayv8OYI58V5dz6W rQUnnzmFP3A+fwCEdY08</latexit ><latexit sha1_b ase64="ZJXqlcQKCbeRhG+p3AGzEb 2B9z4=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWy3bRLN5uwuxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeq ji5aBccWvuAmSdeDmpQI7moPzVH8Y 0jZg0VKDWPc9NjJ+hMpwKNiv1U80 SpBMcsZ6lEiOm/Wxx6oxcWGVIwljZ koYs1N8TGUZaT6PAdkZoxnrVm4v/e b3UhDd+xmWSGibpclGYCmJiMv+bDL li1IipJUgVt7cSOkaF1Nh0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBRRG8Ayv8OYI58V5dz6W rQUnnzmFP3A+fwCEdY08</latexit ><latexit sha1_b ase64="ZJXqlcQKCbeRhG+p3AGzEb 2B9z4=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWy3bRLN5uwuxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkRwbVz32yl sbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeq ji5aBccWvuAmSdeDmpQI7moPzVH8Y 0jZg0VKDWPc9NjJ+hMpwKNiv1U80 SpBMcsZ6lEiOm/Wxx6oxcWGVIwljZ koYs1N8TGUZaT6PAdkZoxnrVm4v/e b3UhDd+xmWSGibpclGYCmJiMv+bDL li1IipJUgVt7cSOkaF1Nh0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBRRG8Ayv8OYI58V5dz6W rQUnnzmFP3A+fwCEdY08</latexit >
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⌧S,R
<latexit sha1_base64="UU9khEDms7RN3Fo9VeeaANIJ1kY=">AAAB8X icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgB4DXjzGRx6YLGF2MpsMmZ1dZnqFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3 v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W09cGxGrBxwn3I/oQIlQMIpWeuwiTXvZ/fndpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk 9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns4gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTN8nfaE5Qzm2 hDIt7K2EDammDG1IRRuCt/jyMmleVDy34t1Wy7VqHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnGeXHenY9564qTzxzBHzifP067kJ4=</latexit><latexit sha1_base64="UU9khEDms7RN3Fo9VeeaANIJ1kY=">AAAB8X icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgB4DXjzGRx6YLGF2MpsMmZ1dZnqFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3 v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W09cGxGrBxwn3I/oQIlQMIpWeuwiTXvZ/fndpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk 9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns4gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTN8nfaE5Qzm2 hDIt7K2EDammDG1IRRuCt/jyMmleVDy34t1Wy7VqHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnGeXHenY9564qTzxzBHzifP067kJ4=</latexit><latexit sha1_base64="UU9khEDms7RN3Fo9VeeaANIJ1kY=">AAAB8X icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgB4DXjzGRx6YLGF2MpsMmZ1dZnqFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3 v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W09cGxGrBxwn3I/oQIlQMIpWeuwiTXvZ/fndpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk 9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns4gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTN8nfaE5Qzm2 hDIt7K2EDammDG1IRRuCt/jyMmleVDy34t1Wy7VqHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnGeXHenY9564qTzxzBHzifP067kJ4=</latexit><latexit sha1_base64="UU9khEDms7RN3Fo9VeeaANIJ1kY=">AAAB8X icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgB4DXjzGRx6YLGF2MpsMmZ1dZnqFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3 v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W09cGxGrBxwn3I/oQIlQMIpWeuwiTXvZ/fndpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk 9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns4gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTN8nfaE5Qzm2 hDIt7K2EDammDG1IRRuCt/jyMmleVDy34t1Wy7VqHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnGeXHenY9564qTzxzBHzifP067kJ4=</latexit>
⌧a,R
<latexit sha1_base64="zEMsf4syzdt7wUShCRJzZwYkjGY=">AAAB8X icbVBNS8NAEN3Ur1q/qh69LBbBg5RECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/ sH5cOjlolTzXiTxTLWnQAMl0LxJgqUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fcqjsHXSVeTiokR6Nf/uoNYpZGXCGTY EzXcxP0M9AomOTTUi81PAE2hiHvWqog4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ29TwdCc4ZyYgkw LeytlI1AA0MbUsmG4C2/vEpal1XPrXp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4syzdt7wUShCRJzZwYkjGY=">AAAB8X icbVBNS8NAEN3Ur1q/qh69LBbBg5RECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/ sH5cOjlolTzXiTxTLWnQAMl0LxJgqUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fcqjsHXSVeTiokR6Nf/uoNYpZGXCGTY EzXcxP0M9AomOTTUi81PAE2hiHvWqog4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ29TwdCc4ZyYgkw LeytlI1AA0MbUsmG4C2/vEpal1XPrXp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4syzdt7wUShCRJzZwYkjGY=">AAAB8X icbVBNS8NAEN3Ur1q/qh69LBbBg5RECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/ sH5cOjlolTzXiTxTLWnQAMl0LxJgqUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fcqjsHXSVeTiokR6Nf/uoNYpZGXCGTY EzXcxP0M9AomOTTUi81PAE2hiHvWqog4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ29TwdCc4ZyYgkw LeytlI1AA0MbUsmG4C2/vEpal1XPrXp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj8gfP5A2QdkKw=</latexit><latexit sha1_base64="zEMsf4syzdt7wUShCRJzZwYkjGY=">AAAB8X icbVBNS8NAEN3Ur1q/qh69LBbBg5RECnosePFYxX5gG8pku2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/ sH5cOjlolTzXiTxTLWnQAMl0LxJgqUvJNoDlEgeTsY38z89hPXRsTqAScJ9yMYKhEKBmilxx5C2s/g4n7aL1fcqjsHXSVeTiokR6Nf/uoNYpZGXCGTY EzXcxP0M9AomOTTUi81PAE2hiHvWqog4sbP5hdP6ZlVBjSMtS2FdK7+nsggMmYSBbYzAhyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ29TwdCc4ZyYgkw LeytlI1AA0MbUsmG4C2/vEpal1XPrXp3tUq9lsdRJCfklJwTj1yROrklDdIkjCjyTF7Jm2OcF+fd+Vi0Fpx85pj8gfP5A2QdkKw=</latexit>
⇥10 3
<latexit sha1_base64="AGnZE2RkcQd4smG sP9rVZKRLaA8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLePEYwTwg2YTZySQZMju 7zPQqYcl/ePGgiFf/xZt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DuokSz XiNRTLSzYAaLoXiNRQoeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+YBSt1GmjCLkhnttJzy4 m3WLJLbszkGXiZaQEGard4le7F7Ek5AqZpMa0PDdGP6UaBZN8UmgnhseUjeiAtyxV1C7z09nV E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLzRf1EEozINALSE5ozlG NLKNPC3krYkGrK0AZVsCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgCipwB1WoAQMNz/AKb86T 8+K8Ox/z1pyTzRzCHzifP1EhkbI=</latexit><latexit sha1_base64="AGnZE2RkcQd4smG sP9rVZKRLaA8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLePEYwTwg2YTZySQZMju 7zPQqYcl/ePGgiFf/xZt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DuokSz XiNRTLSzYAaLoXiNRQoeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+YBSt1GmjCLkhnttJzy4 m3WLJLbszkGXiZaQEGard4le7F7Ek5AqZpMa0PDdGP6UaBZN8UmgnhseUjeiAtyxV1C7z09nV E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLzRf1EEozINALSE5ozlG NLKNPC3krYkGrK0AZVsCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgCipwB1WoAQMNz/AKb86T 8+K8Ox/z1pyTzRzCHzifP1EhkbI=</latexit><latexit sha1_base64="AGnZE2RkcQd4smG sP9rVZKRLaA8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLePEYwTwg2YTZySQZMju 7zPQqYcl/ePGgiFf/xZt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DuokSz XiNRTLSzYAaLoXiNRQoeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+YBSt1GmjCLkhnttJzy4 m3WLJLbszkGXiZaQEGard4le7F7Ek5AqZpMa0PDdGP6UaBZN8UmgnhseUjeiAtyxV1C7z09nV E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLzRf1EEozINALSE5ozlG NLKNPC3krYkGrK0AZVsCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgCipwB1WoAQMNz/AKb86T 8+K8Ox/z1pyTzRzCHzifP1EhkbI=</latexit><latexit sha1_base64="AGnZE2RkcQd4smG sP9rVZKRLaA8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLePEYwTwg2YTZySQZMju 7zPQqYcl/ePGgiFf/xZt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DuokSz XiNRTLSzYAaLoXiNRQoeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+YBSt1GmjCLkhnttJzy4 m3WLJLbszkGXiZaQEGard4le7F7Ek5AqZpMa0PDdGP6UaBZN8UmgnhseUjeiAtyxV1C7z09nV E3JilR7pR9qWQjJTf0+kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLzRf1EEozINALSE5ozlG NLKNPC3krYkGrK0AZVsCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgCipwB1WoAQMNz/AKb86T 8+K8Ox/z1pyTzRzCHzifP1EhkbI=</latexit>
↵
<latexit sha1_base64="4BjBn8t wlyKvomU5sa+dRMfcGxc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKey KoN4CXjxGMA9IltA7mSRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm +6uKBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqKWtQJZRuR2iY4JI1LL eCtRPNMI4Ea0Xj25nfemLacCUf7CRhYYxDyQeconVSs4siGWGvXPGr/hxk lQQ5qUCOeq/81e0rmsZMWirQmE7gJzbMUFtOBZuWuqlhCdIxDlnHUYkxM2 E2v3ZKzpzSJwOlXUlL5urviQxjYyZx5DpjtCOz7M3E/7xOagfXYcZlklom 6WLRIBXEKjJ7nfS5ZtSKiSNINXe3EjpCjdS6gEouhGD55VXSvKgGfjW4v 6zUbvI4inACp3AOAVxBDe6gDg2g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/M HiMyPDw==</latexit><latexit sha1_base64="4BjBn8t wlyKvomU5sa+dRMfcGxc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKey KoN4CXjxGMA9IltA7mSRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm +6uKBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqKWtQJZRuR2iY4JI1LL eCtRPNMI4Ea0Xj25nfemLacCUf7CRhYYxDyQeconVSs4siGWGvXPGr/hxk lQQ5qUCOeq/81e0rmsZMWirQmE7gJzbMUFtOBZuWuqlhCdIxDlnHUYkxM2 E2v3ZKzpzSJwOlXUlL5urviQxjYyZx5DpjtCOz7M3E/7xOagfXYcZlklom 6WLRIBXEKjJ7nfS5ZtSKiSNINXe3EjpCjdS6gEouhGD55VXSvKgGfjW4v 6zUbvI4inACp3AOAVxBDe6gDg2g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/M HiMyPDw==</latexit><latexit sha1_base64="4BjBn8t wlyKvomU5sa+dRMfcGxc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKey KoN4CXjxGMA9IltA7mSRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm +6uKBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqKWtQJZRuR2iY4JI1LL eCtRPNMI4Ea0Xj25nfemLacCUf7CRhYYxDyQeconVSs4siGWGvXPGr/hxk lQQ5qUCOeq/81e0rmsZMWirQmE7gJzbMUFtOBZuWuqlhCdIxDlnHUYkxM2 E2v3ZKzpzSJwOlXUlL5urviQxjYyZx5DpjtCOz7M3E/7xOagfXYcZlklom 6WLRIBXEKjJ7nfS5ZtSKiSNINXe3EjpCjdS6gEouhGD55VXSvKgGfjW4v 6zUbvI4inACp3AOAVxBDe6gDg2g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/M HiMyPDw==</latexit><latexit sha1_base64="4BjBn8t wlyKvomU5sa+dRMfcGxc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKey KoN4CXjxGMA9IltA7mSRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm +6uKBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqKWtQJZRuR2iY4JI1LL eCtRPNMI4Ea0Xj25nfemLacCUf7CRhYYxDyQeconVSs4siGWGvXPGr/hxk lQQ5qUCOeq/81e0rmsZMWirQmE7gJzbMUFtOBZuWuqlhCdIxDlnHUYkxM2 E2v3ZKzpzSJwOlXUlL5urviQxjYyZx5DpjtCOz7M3E/7xOagfXYcZlklom 6WLRIBXEKjJ7nfS5ZtSKiSNINXe3EjpCjdS6gEouhGD55VXSvKgGfjW4v 6zUbvI4inACp3AOAVxBDe6gDg2g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/M HiMyPDw==</latexit>
 
<latexit sha1_b ase64="Csjb16Xb3Cd4r2AscTKdut do4X4=">AAAB7XicbVDLSgNBEOz1G eMr6tHLYhA8hV0R1FvAgx4jmAckS +idzCZj5rHMzAoh5B+8eFDEq//jzb 9xkuxBEwsaiqpuurvilDNjg+DbW1l dW9/YLGwVt3d29/ZLB4cNozJNaJ0o rnQrRkM5k7RumeW0lWqKIua0GQ9vp n7ziWrDlHywo5RGAvuSJYygdVKjc4 tCYLdUDirBDP4yCXNShhy1bumr01M kE1RawtGYdhikNhqjtoxwOil2MkN TJEPs07ajEgU10Xh27cQ/dUrPT5R2 Ja0/U39PjFEYMxKx6xRoB2bRm4r/e e3MJlfRmMk0s1SS+aIk475V/vR1v8 c0JZaPHEGimbvVJwPUSKwLqOhCCBd fXiaN80oYVML7i3L1Oo+jAMdwAmcQ wiVU4Q5qUAcCj/AMr/DmKe/Fe/c+ 5q0rXj5zBH/gff4AUzaO7A==</lat exit><latexit sha1_b ase64="Csjb16Xb3Cd4r2AscTKdut do4X4=">AAAB7XicbVDLSgNBEOz1G eMr6tHLYhA8hV0R1FvAgx4jmAckS +idzCZj5rHMzAoh5B+8eFDEq//jzb 9xkuxBEwsaiqpuurvilDNjg+DbW1l dW9/YLGwVt3d29/ZLB4cNozJNaJ0o rnQrRkM5k7RumeW0lWqKIua0GQ9vp n7ziWrDlHywo5RGAvuSJYygdVKjc4 tCYLdUDirBDP4yCXNShhy1bumr01M kE1RawtGYdhikNhqjtoxwOil2MkN TJEPs07ajEgU10Xh27cQ/dUrPT5R2 Ja0/U39PjFEYMxKx6xRoB2bRm4r/e e3MJlfRmMk0s1SS+aIk475V/vR1v8 c0JZaPHEGimbvVJwPUSKwLqOhCCBd fXiaN80oYVML7i3L1Oo+jAMdwAmcQ wiVU4Q5qUAcCj/AMr/DmKe/Fe/c+ 5q0rXj5zBH/gff4AUzaO7A==</lat exit><latexit sha1_b ase64="Csjb16Xb3Cd4r2AscTKdut do4X4=">AAAB7XicbVDLSgNBEOz1G eMr6tHLYhA8hV0R1FvAgx4jmAckS +idzCZj5rHMzAoh5B+8eFDEq//jzb 9xkuxBEwsaiqpuurvilDNjg+DbW1l dW9/YLGwVt3d29/ZLB4cNozJNaJ0o rnQrRkM5k7RumeW0lWqKIua0GQ9vp n7ziWrDlHywo5RGAvuSJYygdVKjc4 tCYLdUDirBDP4yCXNShhy1bumr01M kE1RawtGYdhikNhqjtoxwOil2MkN TJEPs07ajEgU10Xh27cQ/dUrPT5R2 Ja0/U39PjFEYMxKx6xRoB2bRm4r/e e3MJlfRmMk0s1SS+aIk475V/vR1v8 c0JZaPHEGimbvVJwPUSKwLqOhCCBd fXiaN80oYVML7i3L1Oo+jAMdwAmcQ wiVU4Q5qUAcCj/AMr/DmKe/Fe/c+ 5q0rXj5zBH/gff4AUzaO7A==</lat exit><latexit sha1_b ase64="Csjb16Xb3Cd4r2AscTKdut do4X4=">AAAB7XicbVDLSgNBEOz1G eMr6tHLYhA8hV0R1FvAgx4jmAckS +idzCZj5rHMzAoh5B+8eFDEq//jzb 9xkuxBEwsaiqpuurvilDNjg+DbW1l dW9/YLGwVt3d29/ZLB4cNozJNaJ0o rnQrRkM5k7RumeW0lWqKIua0GQ9vp n7ziWrDlHywo5RGAvuSJYygdVKjc4 tCYLdUDirBDP4yCXNShhy1bumr01M kE1RawtGYdhikNhqjtoxwOil2MkN TJEPs07ajEgU10Xh27cQ/dUrPT5R2 Ja0/U39PjFEYMxKx6xRoB2bRm4r/e e3MJlfRmMk0s1SS+aIk475V/vR1v8 c0JZaPHEGimbvVJwPUSKwLqOhCCBd fXiaN80oYVML7i3L1Oo+jAMdwAmcQ wiVU4Q5qUAcCj/AMr/DmKe/Fe/c+ 5q0rXj5zBH/gff4AUzaO7A==</lat exit>
⌧R
<latexit sha1_b ase64="XIEpDDUouzO2ePaQuI+JEu 7xnz4=">AAAB73icbVBNS8NAEJ3Ur 1q/qh69LBbBU0mkoMeCF49V7Ae0o Wy2m3bpZpPuToQS+ie8eFDEq3/Hm/ /GbZuDtj4YeLw3w8y8IJHCoOt+O4W Nza3tneJuaW//4PCofHzSMnGqGW+y WMa6E1DDpVC8iQIl7ySa0yiQvB2Mb +d++4lrI2L1iNOE+xEdKhEKRtFKnR 7StJ89zPrlilt1FyDrxMtJBXI0+uW v3iBmacQVMkmN6Xpugn5GNQom+az USw1PKBvTIe9aqmjEjZ8t7p2RC6sM SBhrWwrJQv09kdHImGkU2M6I4sise nPxP6+bYnjjZ0IlKXLFlovCVBKMyf x5MhCaM5RTSyjTwt5K2IhqytBGVLI heKsvr5PWVdVzq959rVKv5XEU4QzO 4RI8uIY63EEDmsBAwjO8wpszcV6c d+dj2Vpw8plT+APn8wc9+ZAL</lat exit><latexit sha1_b ase64="XIEpDDUouzO2ePaQuI+JEu 7xnz4=">AAAB73icbVBNS8NAEJ3Ur 1q/qh69LBbBU0mkoMeCF49V7Ae0o Wy2m3bpZpPuToQS+ie8eFDEq3/Hm/ /GbZuDtj4YeLw3w8y8IJHCoOt+O4W Nza3tneJuaW//4PCofHzSMnGqGW+y WMa6E1DDpVC8iQIl7ySa0yiQvB2Mb +d++4lrI2L1iNOE+xEdKhEKRtFKnR 7StJ89zPrlilt1FyDrxMtJBXI0+uW v3iBmacQVMkmN6Xpugn5GNQom+az USw1PKBvTIe9aqmjEjZ8t7p2RC6sM SBhrWwrJQv09kdHImGkU2M6I4sise nPxP6+bYnjjZ0IlKXLFlovCVBKMyf x5MhCaM5RTSyjTwt5K2IhqytBGVLI heKsvr5PWVdVzq959rVKv5XEU4QzO 4RI8uIY63EEDmsBAwjO8wpszcV6c d+dj2Vpw8plT+APn8wc9+ZAL</lat exit><latexit sha1_b ase64="XIEpDDUouzO2ePaQuI+JEu 7xnz4=">AAAB73icbVBNS8NAEJ3Ur 1q/qh69LBbBU0mkoMeCF49V7Ae0o Wy2m3bpZpPuToQS+ie8eFDEq3/Hm/ /GbZuDtj4YeLw3w8y8IJHCoOt+O4W Nza3tneJuaW//4PCofHzSMnGqGW+y WMa6E1DDpVC8iQIl7ySa0yiQvB2Mb +d++4lrI2L1iNOE+xEdKhEKRtFKnR 7StJ89zPrlilt1FyDrxMtJBXI0+uW v3iBmacQVMkmN6Xpugn5GNQom+az USw1PKBvTIe9aqmjEjZ8t7p2RC6sM SBhrWwrJQv09kdHImGkU2M6I4sise nPxP6+bYnjjZ0IlKXLFlovCVBKMyf x5MhCaM5RTSyjTwt5K2IhqytBGVLI heKsvr5PWVdVzq959rVKv5XEU4QzO 4RI8uIY63EEDmsBAwjO8wpszcV6c d+dj2Vpw8plT+APn8wc9+ZAL</lat exit><latexit sha1_b ase64="XIEpDDUouzO2ePaQuI+JEu 7xnz4=">AAAB73icbVBNS8NAEJ3Ur 1q/qh69LBbBU0mkoMeCF49V7Ae0o Wy2m3bpZpPuToQS+ie8eFDEq3/Hm/ /GbZuDtj4YeLw3w8y8IJHCoOt+O4W Nza3tneJuaW//4PCofHzSMnGqGW+y WMa6E1DDpVC8iQIl7ySa0yiQvB2Mb +d++4lrI2L1iNOE+xEdKhEKRtFKnR 7StJ89zPrlilt1FyDrxMtJBXI0+uW v3iBmacQVMkmN6Xpugn5GNQom+az USw1PKBvTIe9aqmjEjZ8t7p2RC6sM SBhrWwrJQv09kdHImGkU2M6I4sise nPxP6+bYnjjZ0IlKXLFlovCVBKMyf x5MhCaM5RTSyjTwt5K2IhqytBGVLI heKsvr5PWVdVzq959rVKv5XEU4QzO 4RI8uIY63EEDmsBAwjO8wpszcV6c d+dj2Vpw8plT+APn8wc9+ZAL</lat exit>
⌧S,R
<latexit sha1_b ase64="UU9khEDms7RN3Fo9VeeaAN IJ1kY=">AAAB8XicbVDLSgNBEOz1G eMr6tHLYBA8SNiVgB4DXjzGRx6YL GF2MpsMmZ1dZnqFsOQvvHhQxKt/48 2/cZLsQRMLGoqqbrq7gkQKg6777ay srq1vbBa2its7u3v7pYPDpolTzXiD xTLW7YAaLoXiDRQoeTvRnEaB5K1gd D31W09cGxGrBxwn3I/oQIlQMIpWeu wiTXvZ/fndpFcquxV3BrJMvJyUIUe 9V/rq9mOWRlwhk9SYjucm6GdUo2C ST4rd1PCEshEd8I6likbc+Nns4gk5 tUqfhLG2pZDM1N8TGY2MGUeB7YwoD s2iNxX/8zophld+JlSSIldsvihMJc GYTN8nfaE5Qzm2hDIt7K2EDammDG1 IRRuCt/jyMmleVDy34t1Wy7VqHkcB juEEzsCDS6jBDdShAQwUPMMrvDnG eXHenY9564qTzxzBHzifP067kJ4=< /latexit><latexit sha1_b ase64="UU9khEDms7RN3Fo9VeeaAN IJ1kY=">AAAB8XicbVDLSgNBEOz1G eMr6tHLYBA8SNiVgB4DXjzGRx6YL GF2MpsMmZ1dZnqFsOQvvHhQxKt/48 2/cZLsQRMLGoqqbrq7gkQKg6777ay srq1vbBa2its7u3v7pYPDpolTzXiD xTLW7YAaLoXiDRQoeTvRnEaB5K1gd D31W09cGxGrBxwn3I/oQIlQMIpWeu wiTXvZ/fndpFcquxV3BrJMvJyUIUe 9V/rq9mOWRlwhk9SYjucm6GdUo2C ST4rd1PCEshEd8I6likbc+Nns4gk5 tUqfhLG2pZDM1N8TGY2MGUeB7YwoD s2iNxX/8zophld+JlSSIldsvihMJc GYTN8nfaE5Qzm2hDIt7K2EDammDG1 IRRuCt/jyMmleVDy34t1Wy7VqHkcB juEEzsCDS6jBDdShAQwUPMMrvDnG eXHenY9564qTzxzBHzifP067kJ4=< /latexit><latexit sha1_b ase64="UU9khEDms7RN3Fo9VeeaAN IJ1kY=">AAAB8XicbVDLSgNBEOz1G eMr6tHLYBA8SNiVgB4DXjzGRx6YL GF2MpsMmZ1dZnqFsOQvvHhQxKt/48 2/cZLsQRMLGoqqbrq7gkQKg6777ay srq1vbBa2its7u3v7pYPDpolTzXiD xTLW7YAaLoXiDRQoeTvRnEaB5K1gd D31W09cGxGrBxwn3I/oQIlQMIpWeu wiTXvZ/fndpFcquxV3BrJMvJyUIUe 9V/rq9mOWRlwhk9SYjucm6GdUo2C ST4rd1PCEshEd8I6likbc+Nns4gk5 tUqfhLG2pZDM1N8TGY2MGUeB7YwoD s2iNxX/8zophld+JlSSIldsvihMJc GYTN8nfaE5Qzm2hDIt7K2EDammDG1 IRRuCt/jyMmleVDy34t1Wy7VqHkcB juEEzsCDS6jBDdShAQwUPMMrvDnG eXHenY9564qTzxzBHzifP067kJ4=< /latexit><latexit sha1_b ase64="UU9khEDms7RN3Fo9VeeaAN IJ1kY=">AAAB8XicbVDLSgNBEOz1G eMr6tHLYBA8SNiVgB4DXjzGRx6YL GF2MpsMmZ1dZnqFsOQvvHhQxKt/48 2/cZLsQRMLGoqqbrq7gkQKg6777ay srq1vbBa2its7u3v7pYPDpolTzXiD xTLW7YAaLoXiDRQoeTvRnEaB5K1gd D31W09cGxGrBxwn3I/oQIlQMIpWeu wiTXvZ/fndpFcquxV3BrJMvJyUIUe 9V/rq9mOWRlwhk9SYjucm6GdUo2C ST4rd1PCEshEd8I6likbc+Nns4gk5 tUqfhLG2pZDM1N8TGY2MGUeB7YwoD s2iNxX/8zophld+JlSSIldsvihMJc GYTN8nfaE5Qzm2hDIt7K2EDammDG1 IRRuCt/jyMmleVDy34t1Wy7VqHkcB juEEzsCDS6jBDdShAQwUPMMrvDnG eXHenY9564qTzxzBHzifP067kJ4=< /latexit>
⌧a,R
<latexit sha1_b ase64="zEMsf4syzdt7wUShCRJzZw YkjGY=">AAAB8XicbVBNS8NAEN3Ur 1q/qh69LBbBg5RECnosePFYxX5gG 8pku2mXbjZhdyKU0H/hxYMiXv033v w3btsctPXBwOO9GWbmBYkUBl332ym srW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnQAMl0LxJgqUvJNoDlEgeTsY3 8z89hPXRsTqAScJ9yMYKhEKBmilxx 5C2s/g4n7aL1fcqjsHXSVeTiokR6N f/uoNYpZGXCGTYEzXcxP0M9AomOT TUi81PAE2hiHvWqog4sbP5hdP6ZlV BjSMtS2FdK7+nsggMmYSBbYzAhyZZ W8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ 29TwdCc4ZyYgkwLeytlI1AA0MbUsm G4C2/vEpal1XPrXp3tUq9lsdRJCfk lJwTj1yROrklDdIkjCjyTF7Jm2Oc F+fd+Vi0Fpx85pj8gfP5A2QdkKw=< /latexit><latexit sha1_b ase64="zEMsf4syzdt7wUShCRJzZw YkjGY=">AAAB8XicbVBNS8NAEN3Ur 1q/qh69LBbBg5RECnosePFYxX5gG 8pku2mXbjZhdyKU0H/hxYMiXv033v w3btsctPXBwOO9GWbmBYkUBl332ym srW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnQAMl0LxJgqUvJNoDlEgeTsY3 8z89hPXRsTqAScJ9yMYKhEKBmilxx 5C2s/g4n7aL1fcqjsHXSVeTiokR6N f/uoNYpZGXCGTYEzXcxP0M9AomOT TUi81PAE2hiHvWqog4sbP5hdP6ZlV BjSMtS2FdK7+nsggMmYSBbYzAhyZZ W8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ 29TwdCc4ZyYgkwLeytlI1AA0MbUsm G4C2/vEpal1XPrXp3tUq9lsdRJCfk lJwTj1yROrklDdIkjCjyTF7Jm2Oc F+fd+Vi0Fpx85pj8gfP5A2QdkKw=< /latexit><latexit sha1_b ase64="zEMsf4syzdt7wUShCRJzZw YkjGY=">AAAB8XicbVBNS8NAEN3Ur 1q/qh69LBbBg5RECnosePFYxX5gG 8pku2mXbjZhdyKU0H/hxYMiXv033v w3btsctPXBwOO9GWbmBYkUBl332ym srW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnQAMl0LxJgqUvJNoDlEgeTsY3 8z89hPXRsTqAScJ9yMYKhEKBmilxx 5C2s/g4n7aL1fcqjsHXSVeTiokR6N f/uoNYpZGXCGTYEzXcxP0M9AomOT TUi81PAE2hiHvWqog4sbP5hdP6ZlV BjSMtS2FdK7+nsggMmYSBbYzAhyZZ W8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ 29TwdCc4ZyYgkwLeytlI1AA0MbUsm G4C2/vEpal1XPrXp3tUq9lsdRJCfk lJwTj1yROrklDdIkjCjyTF7Jm2Oc F+fd+Vi0Fpx85pj8gfP5A2QdkKw=< /latexit><latexit sha1_b ase64="zEMsf4syzdt7wUShCRJzZw YkjGY=">AAAB8XicbVBNS8NAEN3Ur 1q/qh69LBbBg5RECnosePFYxX5gG 8pku2mXbjZhdyKU0H/hxYMiXv033v w3btsctPXBwOO9GWbmBYkUBl332ym srW9sbhW3Szu7e/sH5cOjlolTzXiT xTLWnQAMl0LxJgqUvJNoDlEgeTsY3 8z89hPXRsTqAScJ9yMYKhEKBmilxx 5C2s/g4n7aL1fcqjsHXSVeTiokR6N f/uoNYpZGXCGTYEzXcxP0M9AomOT TUi81PAE2hiHvWqog4sbP5hdP6ZlV BjSMtS2FdK7+nsggMmYSBbYzAhyZZ W8m/ud1Uwyv/UyoJEWu2GJRmEqKMZ 29TwdCc4ZyYgkwLeytlI1AA0MbUsm G4C2/vEpal1XPrXp3tUq9lsdRJCfk lJwTj1yROrklDdIkjCjyTF7Jm2Oc F+fd+Vi0Fpx85pj8gfP5A2QdkKw=< /latexit>
⇥10 3
<latexit sha1_base6 4="AGnZE2RkcQd4smGsP9rVZKRLaA8=">AAAB 9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLe PEYwTwg2YTZySQZMju7zPQqYcl/ePGgiFf/xZ t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+ Q3C1vbO7t7xf2DuokSzXiNRTLSzYAaLoXiNRQ oeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+ YBSt1GmjCLkhnttJzy4m3WLJLbszkGXiZaQEG ard4le7F7Ek5AqZpMa0PDdGP6UaBZN8Umgnhs eUjeiAtyxV1C7z09nVE3JilR7pR9qWQjJTf0+ kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLz Rf1EEozINALSE5ozlGNLKNPC3krYkGrK0AZV sCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgC ipwB1WoAQMNz/AKb86T8+K8Ox/z1pyTzRzCHz ifP1EhkbI=</latexit><latexit sha1_base6 4="AGnZE2RkcQd4smGsP9rVZKRLaA8=">AAAB 9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLe PEYwTwg2YTZySQZMju7zPQqYcl/ePGgiFf/xZ t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+ Q3C1vbO7t7xf2DuokSzXiNRTLSzYAaLoXiNRQ oeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+ YBSt1GmjCLkhnttJzy4m3WLJLbszkGXiZaQEG ard4le7F7Ek5AqZpMa0PDdGP6UaBZN8Umgnhs eUjeiAtyxV1C7z09nVE3JilR7pR9qWQjJTf0+ kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLz Rf1EEozINALSE5ozlGNLKNPC3krYkGrK0AZV sCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgC ipwB1WoAQMNz/AKb86T8+K8Ox/z1pyTzRzCHz ifP1EhkbI=</latexit><latexit sha1_base6 4="AGnZE2RkcQd4smGsP9rVZKRLaA8=">AAAB 9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLe PEYwTwg2YTZySQZMju7zPQqYcl/ePGgiFf/xZ t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+ Q3C1vbO7t7xf2DuokSzXiNRTLSzYAaLoXiNRQ oeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+ YBSt1GmjCLkhnttJzy4m3WLJLbszkGXiZaQEG ard4le7F7Ek5AqZpMa0PDdGP6UaBZN8Umgnhs eUjeiAtyxV1C7z09nVE3JilR7pR9qWQjJTf0+ kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLz Rf1EEozINALSE5ozlGNLKNPC3krYkGrK0AZV sCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgC ipwB1WoAQMNz/AKb86T8+K8Ox/z1pyTzRzCHz ifP1EhkbI=</latexit><latexit sha1_base6 4="AGnZE2RkcQd4smGsP9rVZKRLaA8=">AAAB 9XicbVDLSgNBEOyNrxhfUY9eBoPgxbCrgnoLe PEYwTwg2YTZySQZMju7zPQqYcl/ePGgiFf/xZ t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+ Q3C1vbO7t7xf2DuokSzXiNRTLSzYAaLoXiNRQ oeTPWnIaB5I1gdDv1G49cGxGpBxzH3A/pQIm+ YBSt1GmjCLkhnttJzy4m3WLJLbszkGXiZaQEG ard4le7F7Ek5AqZpMa0PDdGP6UaBZN8Umgnhs eUjeiAtyxV1C7z09nVE3JilR7pR9qWQjJTf0+ kNDRmHAa2M6Q4NIveVPzPayXYv/ZToeIEuWLz Rf1EEozINALSE5ozlGNLKNPC3krYkGrK0AZV sCF4iy8vk/p52XPL3v1lqXKTxZGHIziGU/DgC ipwB1WoAQMNz/AKb86T8+K8Ox/z1pyTzRzCHz ifP1EhkbI=</latexit>
✓
<latexit sha1_base64="PDRpifz zvyI0uOaPlFtEfzM4css=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKey KoN4CXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm +6uKJHCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDo1jDeYltq0I2q5FIo3UK Dk7cRwGkeSt6Lx7cxvPXFjhVYPOEl4GNOhEgPBKDqp2cURR9orV/yqPwdZ JUFOKpCj3it/dfuapTFXyCS1thP4CYYZNSiY5NNSN7U8oWxMh7zjqKIxt2 E2v3ZKzpzSJwNtXCkkc/X3REZjaydx5DpjiiO77M3E/7xOioPrMBMqSZEr tlg0SCVBTWavk74wnKGcOEKZEe5WwkbUUIYuoJILIVh+eZU0L6qBXw3uL yu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/w BoUKPHw==</latexit><latexit sha1_base64="PDRpifz zvyI0uOaPlFtEfzM4css=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKey KoN4CXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm +6uKJHCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDo1jDeYltq0I2q5FIo3UK Dk7cRwGkeSt6Lx7cxvPXFjhVYPOEl4GNOhEgPBKDqp2cURR9orV/yqPwdZ JUFOKpCj3it/dfuapTFXyCS1thP4CYYZNSiY5NNSN7U8oWxMh7zjqKIxt2 E2v3ZKzpzSJwNtXCkkc/X3REZjaydx5DpjiiO77M3E/7xOioPrMBMqSZEr tlg0SCVBTWavk74wnKGcOEKZEe5WwkbUUIYuoJILIVh+eZU0L6qBXw3uL yu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/w BoUKPHw==</latexit><latexit sha1_base64="PDRpifz zvyI0uOaPlFtEfzM4css=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKey KoN4CXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm +6uKJHCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDo1jDeYltq0I2q5FIo3UK Dk7cRwGkeSt6Lx7cxvPXFjhVYPOEl4GNOhEgPBKDqp2cURR9orV/yqPwdZ JUFOKpCj3it/dfuapTFXyCS1thP4CYYZNSiY5NNSN7U8oWxMh7zjqKIxt2 E2v3ZKzpzSJwNtXCkkc/X3REZjaydx5DpjiiO77M3E/7xOioPrMBMqSZEr tlg0SCVBTWavk74wnKGcOEKZEe5WwkbUUIYuoJILIVh+eZU0L6qBXw3uL yu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/w BoUKPHw==</latexit><latexit sha1_base64="PDRpifz zvyI0uOaPlFtEfzM4css=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKey KoN4CXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm +6uKJHCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDo1jDeYltq0I2q5FIo3UK Dk7cRwGkeSt6Lx7cxvPXFjhVYPOEl4GNOhEgPBKDqp2cURR9orV/yqPwdZ JUFOKpCj3it/dfuapTFXyCS1thP4CYYZNSiY5NNSN7U8oWxMh7zjqKIxt2 E2v3ZKzpzSJwNtXCkkc/X3REZjaydx5DpjiiO77M3E/7xOioPrMBMqSZEr tlg0SCVBTWavk74wnKGcOEKZEe5WwkbUUIYuoJILIVh+eZU0L6qBXw3uL yu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/w BoUKPHw==</latexit>
<latexit sha1_b ase64="jMLG+9AiMMhabmOjrdKokD Xe3xM=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkQKg6777RQ 2Nre2d4q7pb39g8Oj8vFJ28SpZrzF YhnrbkANl0LxFgqUvJtoTqNA8k4wu Z37nSeujYjVI04T7kd0pEQoGEUrPV TZ5aBccWvuAmSdeDmpQI7moPzVH8Y sjbhCJqkxPc9N0M+oRsEkn5X6qeE JZRM64j1LFY248bPFqTNyYZUhCWNt SyFZqL8nMhoZM40C2xlRHJtVby7+5 /VSDG/8TKgkRa7YclGYSoIxmf9Nhk JzhnJqCWVa2FsJG1NNGdp0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBQxG8Ayv8OZI58V5dz6W rQUnnzmFP3A+fwCHf40+</latexit ><latexit sha1_b ase64="jMLG+9AiMMhabmOjrdKokD Xe3xM=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkQKg6777RQ 2Nre2d4q7pb39g8Oj8vFJ28SpZrzF YhnrbkANl0LxFgqUvJtoTqNA8k4wu Z37nSeujYjVI04T7kd0pEQoGEUrPV TZ5aBccWvuAmSdeDmpQI7moPzVH8Y sjbhCJqkxPc9N0M+oRsEkn5X6qeE JZRM64j1LFY248bPFqTNyYZUhCWNt SyFZqL8nMhoZM40C2xlRHJtVby7+5 /VSDG/8TKgkRa7YclGYSoIxmf9Nhk JzhnJqCWVa2FsJG1NNGdp0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBQxG8Ayv8OZI58V5dz6W rQUnnzmFP3A+fwCHf40+</latexit ><latexit sha1_b ase64="jMLG+9AiMMhabmOjrdKokD Xe3xM=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkQKg6777RQ 2Nre2d4q7pb39g8Oj8vFJ28SpZrzF YhnrbkANl0LxFgqUvJtoTqNA8k4wu Z37nSeujYjVI04T7kd0pEQoGEUrPV TZ5aBccWvuAmSdeDmpQI7moPzVH8Y sjbhCJqkxPc9N0M+oRsEkn5X6qeE JZRM64j1LFY248bPFqTNyYZUhCWNt SyFZqL8nMhoZM40C2xlRHJtVby7+5 /VSDG/8TKgkRa7YclGYSoIxmf9Nhk JzhnJqCWVa2FsJG1NNGdp0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBQxG8Ayv8OZI58V5dz6W rQUnnzmFP3A+fwCHf40+</latexit ><latexit sha1_b ase64="jMLG+9AiMMhabmOjrdKokD Xe3xM=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/ 4bt20O2vpg4PHeDDPzgkQKg6777RQ 2Nre2d4q7pb39g8Oj8vFJ28SpZrzF YhnrbkANl0LxFgqUvJtoTqNA8k4wu Z37nSeujYjVI04T7kd0pEQoGEUrPV TZ5aBccWvuAmSdeDmpQI7moPzVH8Y sjbhCJqkxPc9N0M+oRsEkn5X6qeE JZRM64j1LFY248bPFqTNyYZUhCWNt SyFZqL8nMhoZM40C2xlRHJtVby7+5 /VSDG/8TKgkRa7YclGYSoIxmf9Nhk JzhnJqCWVa2FsJG1NNGdp0SjYEb/X lddK+qnluzbuvVxr1PI4inME5VMGD a2jAHTShBQxG8Ayv8OZI58V5dz6W rQUnnzmFP3A+fwCHf40+</latexit >
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FIG. 2. Variation of the reactive and dissipative torques.
Main: full Shiba τS,R) (blue solid line), approximate Shiba
τa,R (red dotted line) and total τR (black dashed line) reac-
tive torques, respectively as a function of b, α, Γ, and θ [shown
in (a), (b), (c), and (d), respectively]. We assumed α = 0.9
[(a), (c), and (d)], θ = pi/6 [(a), (b), and (c)], Γ = 0.01 [(a),
(b), and (d)], and b = 0.1 [(b), (c), and (d)]. The insets in the
plots show the dependence of the full τD (full magenta) and
approximate τa,D (dotted green) dissipative torques, respec-
tively on the corresponding parameters, with the other values
being the same as for the main plots.
the Dynes broadening factor Γ and θ, respectively. In-
creasing Γ the difference between τR from τS,R increases.
Note that since τD ∝ n×n˙ is always positive, as per LLG
equation given in Eq. (3) it corresponds to a damping-
like/ dissipation torque. From Fig. 2(b), τD peaks at α
corresponding to E′S = 0 for the given parameters as can
be seen from the analytic expression Eq. 11. Experimen-
tally, that would result in a strong enhancement of the
FMR linewidth.
Unconventional pairing − Another interesting aspect
pertaining to the spin precession is the generation of un-
conventional superconducting pairing. The occurrence of
odd frequency superconductivity has been recently shown
for the static impurity case [33, 34]. Here, we extend our
study to relate the experimentally accessible dynamical
torques to the unconventional superconductivity pairing
for the precessing impurity case. Similar to Ref. [34], we
consider the adiabatic deep Shiba limit and expansion of
the numerator and denominator of G˜R±(ω) in zeroth and
first order in Γ, respectively, we can write
G˜R±(ω) ≈
piν0(τ0 ± τx)
ω ∓ E′S + iΓS
(M0 ±M · σ) , (14)
where M0 [M = (Mx, 0,Mz)] is a scalar (vector) that de-
pends on the precession frequency b, angle θ and impurity
strength α. Eq. 14 is the second main result of our work.
In this limit, the anomalous part of the retarded GF in
rotating frame, F˜ (ω), corresponds to the term ∝ τx in
Eq. (14) (see SM). The reactive torque for a given fre-
quency ω stemming from the Shiba state (which when
integrated gives the total torque) can then be written in
terms of the anomalous pairing as follows:
τS,R(ω) = Im
[
F˜o(ω)fs(ω) sin θ − F˜e(ω)fo0 (ω)
]
, (15)
where the even and odd frequency triplet pairing com-
ponents above are defined as Fo(ω) =
∑
σ F
o
σσ¯(ω),
Fe(ω) =
∑
σ F
e
σσ(ω) with F˜
e/o
σσ′ (ω) = F˜σσ′(ω)±F˜ ∗σσ′(−ω).
Morerover, fo0 (ω) = f0(ω) − 1/2 while fs(ω) is even
under ω → −ω. As seen from Eq. (15), the reactive
torque is generated by two types of pairing: a b depen-
dent induced triplet pairing and the odd frequency pair-
ing term independent of b (in leading order in b). Mea-
suring the reactive torque experimentally through FMR
can act as a probe to such unconventional pairing. Fur-
thermore, when the Shiba state is completely filled or
empty (fs = 0), a finite reactive torque establishes the
presence of precession induced triplet superconducting
pairing. The total reactive torque can be obtained by
integrating over ω. However, using this approximate GF
leads to a zero dissipative torque, which can only be ex-
tracted going beyond the usual Shiba effective GF model.
Conclusions and outlook − In conclusion, we have in-
vestigated the dynamical torques pertaining to the elec-
trons in an s-wave superconductor onto a precessing
nanomagnet. We showed that the torques originate both
from the Shiba and the bulk states. The misalignment of
the spin of the Shiba state induces both reactive and dis-
sipative torque acting on the classical moment. The dis-
sipation effect and out of equilibrium processes can only
be considered through the Green’s function approach and
we show that a finite linewidth of the Shiba state results
in the damping of the precession of the classical spin.
Finally, we show that magnetization dynamics results in
unconventional superconducting pairing like triplet and
odd-frequency pairings which directly reflects into the
dynamical torques. Our results offer a non-invasive al-
ternative to the usual STM techniques to address and
manipulate the Shiba states, could be relevant for ar-
rays of dynamical magnetic impurities in superconduc-
tors. While manipulating the atomic spin in metal sub-
strate using the STM and electron spin resonance has
been experimentally realized [35, 36], we expect our re-
sults will be pertinent and useful to extend the study to
magnetic moment in superconductor.
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6SUPPLEMENTARY MATERIAL FOR “DYNAMICAL TORQUES FROM SHIBA STATES IN s-WAVE
SUPERCONDUCTORS”
A. Wave function approach
1. Average spin of Shiba state
The BCS Hamiltonian in the presence of the precessing impurity reads:
HBCS(t) =
∑
α,β
∫
dr c†α(r)
[(
p2
2m
− µ
)
δαβ − JS(t) · (σ)αβδ(r)
]
cβ(r) +
∑
α
∫
dr
[
∆ c†α(r)c
†
α¯(r) + h.c.
]
, (16)
where c†α(r) (cα(r)) is the creation (annihilation) fermionic operator at position r and spin α, α¯ = −α. Here, S(t) =
S(sin θ cos Ωt, sin θ sin Ωt, cos θ). Following Ref. 1, we can switch to a rotating frame using a unitary transformation
U(t) (details described later) leading to a fully static problem. The resulting Hamiltonian in rotating frame is:
H˜BCS = HBCS(0)− b
∑
α
∫
dr c†α(r)(σz)ααcα(r) , (17)
where b = Ω/2. The spin operator associated with the electrons in the superconductors at r = 0 can be written as:
σˆ(0) =
∑
α,β
c†α(0)(σ)αβcβ(0) . (18)
We can perform a canonical transformation to write the fermionic field operators as follows [2]:
cα(0) =
∑
n
[
unα(0)γn − αv∗nα(0)γ†n
]
, (19)
where γn(γ
†
n) is the annihilation (creation) operator of the Bogoliubov quasiparticles in state n corresponding to the
eigenstates of the effective Hamiltonian in the rotating frame, while unα(r) (vnα(r)) is the electron (hole) component
of the eigenstates of the single particle BdG Hamiltonian H˜BdG associated with the above many-body Hamiltonian
in the rotating frame [see Eq. 2 in the Main Text]. The spin operator can be expressed in terms of the bogoliubons
and the single-particle wavefunctions:
σˆ(0) =
∑
n,α,β
[
u∗nα(0)γ
†
n − αvnα(0)γn
]
(σ)αβ
[
unβ(0)γn − βv∗nβ(0)γ†n
]
=
∑
n,α,β
[(
u∗nα(0)(σ)αβunβ(0)− αβvnα(0)(σ)αβv∗nβ(0)
)
γ†nγn + αβvnα(0)(σ)αβv
∗
nβ(0)
]
. (20)
The BCS Hamiltonian above can be written in a compact way as:
HBCS(t) =
1
2
∫
drΨ†(r)HBdG(t) Ψ(r) , (21)
with Ψ(r) = {c↑(r), c↓(r), c†↓(r),−c†↑(r)}T , and
HBdG(t) =
(
p2
2m
− µ
)
τz + ∆τx − J S(t) · σ δ(r)︸ ︷︷ ︸
Vi
, (22)
being the single-particle BdG Hamiltonian, with τ = (τx, τy, τz) being Pauli matrices acting in the particle-hole
(Nambu) space. We can then find the rotating frame version of this Hamiltonian by performing a unitary transfor-
mation U(t) = e−iσzbt, or
H˜BdG = U
†(t)HBdG(t)U(t) + iU˙†(t)U(t) , (23)
which in turn leads to
HBdG(t)→ H˜BdG = HBdG(0)− bσz . (24)
7In order to evaluate the eigenvalues and eigenstates of the BdG Hamiltonian, we write down the bare Green’s function
at r = 0 in the rotating frame:
G˜0(ω) = −piν0
2
∑
σ=±1
ω + σb+ ∆τx√
∆2 − (ω + σb)2 (1 + σσz) , (25)
from which the energy of the Shiba states can be calculated from the following eigenvalue equation:
[I + G˜0(ω, r = 0) J S(0) · σ]ΦS(0) = 0 , (26)
with ΦS(0) = {u0↑, u0↓, v0↓,−v0↑}T being the wavefunction of the Shiba state with the corresponding particle (u0σ)
and hole (v0σ) components.
In the limit b/∆ 1 and α ≈ 1 (deep Shiba limit), we obtain
E′S ≈ ES − b cos θ , (27)
while for the wavefunctions, in the same order, we find:
ΦS(0) ≈ 1√
N

cos(θ/2)sin(θ/2)cos(θ/2)
sin(θ/2)
+ b
∆
(1 + α2)2 sin θ
8α2
 sin(θ/2)− cos(θ/2)sin(θ/2)
− cos(θ/2)

 . (28)
We mention that in order to fully account for all the leading terms in b/∆, we expanded both the wave function at the
position of the impurity and the normalization factor, with N = (1 + α2)2/(2piν0α∆) being the bare wave function
normalization factor (i.e. in the absence of precession). From the wave function we see that the dynamics induces
coupling between the static Shiba state to its spin partner in the continuum. The above result can be interpreted in the
context of an adiabatically driven spin 1/2 particle: when subjected to a time-dependent magnetic fieldB(t) (constant
in magnitude, |B(t)| ≡ B), the lowest instantaneous eigenstate, |ψ↑〉 = [cos (θ/2), sin (θ/2)]T , gets renormalized by
the dynamics as follows [3]:
|ψ′↑〉 = |ψ↑〉+
b
2B
sin θ|ψ↓〉 , (29)
where the state |ψ↓〉 = [sin (θ/2),− cos (θ/2)]T is the higher energy spinor and they both satisfy the instantaneous
Schrodinger equation B(t) ·σ|ψσ〉 = σB|ψσ〉. Eq. (28) has precisely the same form if we identify the effective magnetic
field separating the two states as:
Beff = ∆
4α2
(1 + α2)2
. (30)
Thus, we can utilize an effective spin description to account for the non-adiabatic effects pertaining to the dynamical
Shiba state at r = 0. For α = 1 we find Beff = ∆, i.e. the superconducting gap coincides with the effective magnetic
field.
Considering here only the effect of the Shiba states, γ0, we can write:
cα(0) ≈ u0α(0)γ0 − αv∗0α(0)γ†0 , (31)
where for the precessing case, from Eq. (28),
u0↑(0) =v0↓(0) ≈ 1√
N
(
cos
θ
2
+
X sin θ
2
sin
θ
2
)
,
u0↓(0) =v0↑(0) ≈ 1√
N
(
sin
θ
2
− X sin θ
2
cos
θ
2
)
, (32)
with X = 2bBeff =
b
∆
(1+α2)2
4α2 . For the general precessing case, the expectation values of the spin components in leading
order in b/∆ can be calculated by using Eq. (32) in Eq. (20). In the laboratory frame, the components of spin average
value at r = 0 are
〈σx(t)〉 ≈ 2
(
nS − 1
2
)
1−X cos θ
N
cos(Ωt) sin θ ,
8〈σy(t)〉 ≈ 2
(
nS − 1
2
)
1−X cos θ
N
sin(Ωt) sin θ ,
〈σz(t)〉 ≈ 2
(
nS − 1
2
)(
1−X cos θ
N
cos θ +
X
N
)
, (33)
where nS = 〈γ†0γ0〉 is the occupation number for the Shiba state. For θ = 0, 〈σ(t)〉 = (2/N)(nS − 1/2)z, i.e. alinged
with the classical spin direction, which is the same situation for b = 0 and arbitrary θ, which pertains to z → n in
the above expression.
2. Feedback on the classical magnetic moment
The feedback effect of the Shiba state on the dynamics of the magnetic impurity spin can be revealed by calculating
the torque induced on the classical spin up to leading order in the driving frequency Ω = b/2. The torque acting on
the magnetic impurity spin reads:
τR(t) = JS(t)× 〈σδ(r)〉 =
(
nS − 1
2
)
b
S
S(t)× z . (34)
As mentioned in the Main Text, this equation shows that the torque on the magnetic impurity due to the Shiba states
depends only on the magnitude of the classical spin and the occupation number, decreasing for larger spins.
The LandauLifshitz-Gilbert equation describing the dynamics of the driven classical spin can now be written as
S˙(t) = −γS(t)×
(
B(t) + βS˙(t)
)
+ τR(t)
= −S(t)×
[
γB(t)−
(
nS − 1
2
)
b
S
z + βS˙(t)
]
, (35)
where γB0 ≡ Ω0 defines the resonance frequency in the absence of the Shiba states. Given B0, in the presence of the
Shiba states, this resonance condition becomes:
Ω′0 = Ω0 −
(
nS − 1
2
)
1
S
Ω′0 , (36)
which in turn allows us to relate the bare and renormalized frequencies as follows:
Ω′0 =
Ω0
1 +
(
nS − 1
2
)
1
S
. (37)
We see that the Shiba state, thus, affects the ferromagnetic resonance of the impurity via a shift independent of J .
Such a contribution pertains to the Berry phase effects associated with the precession, and have been discussed in
other settings before. Note, however, that these results are applicable in the limit S  1 and b  ∆ and does not
account for the out-of-equilibrium processes, the bulk states, or the dissipation effects in the wave-function formalism.
Hence, we switch to Green’s function approach to address all these effects.
3. Geometrical interpretation
The above results can be obtained from a purely geometrical approach, following Ref. 3. Instead of switching to the
rotating frame, the idea is to perform a time-dependent transformation into the frame where the impurity points along
the z direction. Note that the force acting on the magnet by the electrons can be casted as fS = 〈∂SHBdG[S(t)]〉, and
the corresponding torque is τS = S × fS . In the following we show briefly how to evaluate this term using adiabatic
perturbation. The transformation U(t) that diagonalizes the Vi in the HBdG(t) Hamiltonian and performs the above
task reads:
U(t) ≡ U(θ, φ) =
(
cos (θ/2) sin (θ/2)
eiφ sin (θ/2) −eiφ cos (θ/2)
)
, (38)
9where φ is the polar angle of the classical spin, which for circular precession is just φ ≡ Ωt. This results in the
following Hamiltonian in the moving frame:
H˜BdG(t) = H¯BdG − S˙ ·AS , (39)
H¯BdG = HSC − JSσz δ(r) , (40)
where AS is the resulting gauge potential pertaining to the dynamics of the spin S. Note that for the present case,
we can in fact find an analytical the following well-known analytical expression:
S˙ ·AS ≡ −1
2
(1− cos θσz − sin θσx)φ˙− 1
2
σy θ˙ . (41)
The density matrix evolution in the Heisenberg picture with respect to H¯BdG reads:
i
dρ˜H(t)
dt
= S˙ · [AH,S , ρ˜H(t)] , (42)
which can be solved as:
ρ˜H(t) ≈ ρ0 + i
∫ t
0
dτ S˙(τ) · [AH,S(τ), ρ0(τ)] , (43)
where we kept only the leading order terms in the dynamics, with ρ0 being the density matrix in the absence of the
off-diagonal terms stemming from the gauge field (however, the diagonal terms can affect the spectrum and thus ρ0,
which is assumed in the following). This density matrix can now be used to evaluate the expectation value for the
force, supplemented by the relations [3]:
〈n|AS |m〉 = i 〈n|∂SHBdG(t)|m〉
n − m , (44)
which then gives:
fS(t) = Tr[ρ˜H(t)∂SHH,BdG(t)] ≈ eβ S˙α(t)
∑
n
ρn0 〈n|Fαβ(S)|n〉 ≡ F¯(S) S˙ , (45)
with
Fαβ(S) = ∂αAβS − ∂βAαS , (46)
being the Berry curvature associated with the level n (note that the gauge fields are projected onto this subspace),
and in the derivatives is to be understood that α = Sα. Moreover, F¯(S) is the average Berry curvature tensor over
the occupation of the many-body states n. Note that the Berry curvature is a symplectic form on S2 (sphere) and
we can transform it to the usual magnetic field Bγ = (1/2)γαβFαβ , and for the simple case above B ≡ (Bx,By,Bz) =
(1/2S2)n, as it is the case for a spin 1/2 (the 1/S2 factor occurs since we perform the derivatives with respect to the
full spin S).
Note that the above gauge fields depend only on the spin degree of freedom and are independent of the position. In
order to evaluate the Berry curvature, we just need the instantaneous states and more specifically, the Shiba states
pertaining to the lowest occupied and unoccupied levels, respectively:
|Φ↑S(0)〉 =
1√
N
101
0
 ; |Φ↓S(0)〉 = 1√
N
 010
−1
 (47)
and the full position dependent |ΦσS(r)〉 = [Aσ(r) + Bσ(r)τz + Cσ(r)τx]|ΦσS(0)〉 does not affect the spinors (the
functions Aσ, Bσ, and Cσ are spin independent), but only mix the electron and hole components. Finally, we need to
account for the occupation (or density matrix) of these levels, which in the low temperature limit satisfy ρ↑0 + ρ
↓
0 ≈ 1
(but note, however, that they can still depend on the dynamics via the diagonal contributions in velocity).
Putting everything together, we finally obtain:
fS = eβ(ρ
↑
0 − ρ↓0)FSαβS˙α = (ρ↑0 − ρ↓0)γαβBγ S˙αeβ ≡
1
2S
(
nS − 1
2
)
(n× n˙) , (48)
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where we defined the Shiba occupation number as nS ≡ ρ↑0, and we can easily identify Fs[n] ≡ S B · S = 1/2 in the
main text as the radial Berry curvature. Finally, we can insert this expression into the equation of motion for the
magnet:
n˙ = −γn×B(t) + 1
2S
(
nS − 1
2
)
n× (n× n˙) = −γn×B(t) + 1
2S
(
nS − 1
2
)
n˙ , (49)
the last term now being the reactive torque on the magnet from the Shiba state, and results into the same frequency
shift as in the previous subsection for circular preccesion. We mention here in passing that in a more general setting
when, for example, spin orbit interaction is present, as well as various types of pairings, the LL equation becomes:
n˙ = −γn×B(t) + Fs[n]
2S
(
nS − 1
2
)
n˙ , (50)
with Fs[n] dependent on n itself.
B. Green’s function Approach
In this section, we account for the finite linewidth of the Shiba state, which implies we cannot use the wave-function
description anymore. We employ the Keldysh approach for out-of-equilibrium processes. The Dyson equation for the
retarded/advanced and lesser GF respectively reads [4]:
GR(A)(t, t′) = gR(A)0 (t, t
′) + gR(A)0  (Vi + ΣR(A))GR(A)(t, t′) , (51)
G<(t, t′) = [1 +GR  (Vi + ΣR)] g<0  [1 + (Vi + ΣA)GA](t, t′) +GR  Σ< GA(t, t′) , (52)
where ΣR/A/< are the retarded/advanced/lesser self-energy associated with relaxation processes in the SC, the free
lesser Keldysh GF g<0 (t, t
′) is that of an unperturbed superconductor (it will be defined below), and all matrices are
in the spin ⊗ Nambu space (4× 4). Moreover, the  pertains to the non-commutative time-convolution:
[f  g](t, t′) =
∫
dt′′f(t, t′′)g(t′′, t′) , (53)
with the unit element 1ˆ = δ(t− t′). The bare GF thus reads:
g<0 (t, t
′) = −nF  (gR0 − gA0 )(t, t′) , (54)
where nF is the equilibrium distribution, while g
R(A)
0 are the bare retarded (advanced) GFs of the substrate at r = 0.
While this equation is written in the laboratory frame, the idea is that we can translate every GF into the rotating
frame like:
G˜(t, t′) = U†(t)G(t, t′)U(t′) , (55)
and similarly for the distribution function we get [1]:
n˜F (t) = nF (t)e
−ibσzt , (56)
which is assumed in equilibrium (no biases applied). Then, we get the following expression for the lesser GF in terms
of the equilibrium distribution function and the retarded and advanced GFs:
G˜<(t, t′) = g˜<0 (t, t
′) + g˜<0  Vi  G˜A(t, t′) + G˜R  Vi  gˆ<0 (t, t′) + G˜R  Vi  gˆ<0  Vi  G˜A(t, t′)
= −(G˜R  n˜F − n˜F  G˜A)(t, t′)− G˜R  (n˜F  Vi − Vi  n˜F ) G˜A(t, t′) , (57)
or taking into account the self-energy Σ:
G˜<(t, t′) = −(G˜R  n˜F − n˜F  G˜A)(t, t′)− G˜R  Σ<  G˜A(t, t′)
− G˜R  [n˜F  (Vi + ΣA)− (Vi + ΣR) n˜F ] G˜A(t, t′) . (58)
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For simplicity, we assume the processes that cause the self-energy (e.g. phonons) to be spin-independent, and consider
the Dynes type of self-energy:
ΣR,A = ±iΓ , (59)
with Γ being a phenomenological broadening (we neglect here any real parts of the self-energy, for simplicity). In the
rotating frame the full Dyson equation becomes
[G˜R,A(ω)]−1 = [GR,A0 (ω)]
−1 − Vi ± iΓ , (60)
which in general can be solved as:
G˜R,A(ω) =
piν0
DR,A(ω, α, b, θ)
MR,A(ω, α, b, θ) , (61)
where DR,A(ω, α, b, θ) is a function that contains all the possible zeros (poles or branch cuts) associated with the
combined system, while MR,A(ω, α, b, θ) is a 4× 4 matrix that depends only weakly on ω. If we focus on frequencies
around one of the Shiba poles, and assuming as well the limit of small precession frequency, b ∆ we can write:
G˜R,A± (ω) ≈
piν0
ω ∓ E′S ± iΓS
MR,A(∓E′S , α, b, θ) , (62)
where E′S is the effective Shiba energy in the presence of precession, and ΓS ∝ Γ is the effective Shiba linewidth.
Any observable at r = 0 can be evaluated from the lesser GF, which in the rotating frame (and in the frequency
space) reads:
G˜<(ω) = −(G˜Rn˜F − n˜F G˜A)− G˜R(n˜FVi − Vin˜F )G˜A , (63)
with n˜F (ω, b) = f0(ω, b) + σzfs(ω, b) being a matrix of Fermi-Dirac distribution function. Basically, in the rotating
frame the bare distribution functions for spin σ are shifted by σb. In these calculations we do not solve for the
distribution function self-consistently since we assume the adiabatic regime with frequencies b ∆. The instantaneous
spin expectation value in the rotating frame can be written as:
〈σ˜(0)〉 = −i
∫
dω
2pi
Tr
[(
σ ⊗ 1 + τz
2
)
G˜<(ω)
]
, (64)
with the term (1 + τz)/2 being introduced in order to account for the electron components only since any physical
observable is related to either the electrons or holes. The evaluation of the spin for the entire range of parameters can
be done only numerically. However, some insight can be gained exploring the deepn Shiba limit, and in particular the
contribution pertaining to the resulting Shiba state.
For completeness, below we provide the full retarded GF in the absence of dissipation, as we can find a compact
analytical expression for both D(ω, α, b, θ) and MR,A(ω, α, b, θ). The former reads:
D(ω, α, b, θ) =ω1ω2(1 + α
4 − 2α2 cos2 θ)− 2α cos θ(1− α2)[(b+ ω)ω2 + (b− ω)ω1]
+ 2α2[(b2 − ω2)(1 + cos2 θ)−∆2 sin2 θ] , (65)
where ω1 =
√
∆2 − (ω + b)2 and ω2 =
√
∆2 − (ω − b)2. Solving D(ω, α, b, θ) = 0, we get the poles of the retarded
GF which coincide with the renormalized Shiba energies. The components of the 4× 4 matrix M(ω, α, b, θ) read:
M11 = M33 = ω2(b+ ω)(α
2 cos2 θ − 1) + α2ω1(b− ω)(1 + cos2 θ) + 2α(b2 − ω2) cos θ − ω1ω2α(1− α2) cos θ ,
M22 = M44 = ω1(ω − b)(α2 cos2 θ − 1)− α2ω2(b+ ω)(1 + cos2 θ)− 2α(b2 − ω2) cos θ + ω1ω2α(1− α2) cos θ ,
M12 = M21 = M34 = M43 = α sin θ
[
b2 −∆2 − ω2 + α2ω1ω2 + α cos θ (ω1(b− ω) + ω2(b+ ω))
]
,
M13 = M31 = −∆
[
ω2(1− α2 cos2 θ)− ω1α2 sin2 θ − 2α cos θ(b− ω)
]
,
M14 = M41 = M23 = M32 = −∆
[
2αω sin θ +
α2
2
sin(2θ)(ω1 − ω2)
]
,
M24 = M42 = −∆
[
ω1(1− α2 cos2 θ)− ω2α2 sin2 θ − 2α cos θ(b+ ω)
]
. (66)
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The last three lines pertain to the elements that represent the anomalous part of G˜R(ω). As mentioned in the main
text, the anomalous GF can be written as
G˜eh(ω) = A(ω)σ0 +B(ω)σz + C(ω)σx , (67)
where
A(ω) =− piν0∆
D(ω)
[
(ω1 + ω2)(1− α2)− 4bα cos θ
2
]
,
B(ω) =− piν0∆
D(ω)
[
(ω2 − ω1)(1− α2 cos(2θ)) + 4ωα cos θ
2
]
,
C(ω) =− piν0∆
D(ω)
[4ω sin θ + α(ω1 − ω2) sin(2θ)] . (68)
While D(ω) is even under ω → −ω, we can separate the anomalous Green’s function matrix elements into odd
frequency pairing terms, B(ω), C(ω), and even frequency pairing terms, A(ω).
1. Average spin value in deep Shiba limit and b/∆ 1
Considering the deep Shiba limit α → 1 and the adiabatic condition b/∆  1, we can focus near the Shiba poles
by considering ω ≈ ±E′S . In leading order in b, the expectations values for the spin due to the in-gap Shiba states
and along the classical spin direction reads (and which coincides with the average Shiba occupation number):
〈σa,S〉 ≈ 2
piN
[
arctan
(
ES + 2b sin
2 (θ/2)
ΓS
)
cos2 (θ/2) + arctan
(
ES − 2b cos2 (θ/2)
ΓS
)
sin2 (θ/2)
]
≡ − 2
N
(nS − 1/2) , (69)
while the perpendicular components, pertaining to the reactive and dissipative torques, respectively, become:
〈σa,R〉 ≈ b
pi
[
arctan
(
ES + 2b sin
2 (θ/2)
ΓS
)
cos2 (θ/2) + arctan
(
ES − 2b cos2 (θ/2)
ΓS
)
sin2 (θ/2)
]
sin θ
≡ −b (nS − 1/2) sin θ , (70)
〈σa,D〉 ≈ ΓS
2pi
[
arctan
(
ES + 2b sin
2 (θ/2)
ΓS
)
− arctan
(
ES − 2b cos2 (θ/2)
ΓS
)]
sin θ , (71)
where
ΓS =
4piα
(1 + α2)2
Γ ≡ 2
N
Γ, (72)
is the effective Shiba linewidth. Comparison between the full numerics and the approximate solutions show good
qualitative agreement in the limit of small b. Above, we utilized the full expression for the lesser GF, and expanded
the resulting expectation values. Comparing with the wave function approach, we define
nS =
1
2pi
[
pi − arctan
(
ES + 2b sin
2 (θ/2)
ΓS
)
cos2 (θ/2)− arctan
(
ES − 2b cos2 (θ/2)
ΓS
)
sin2 (θ/2)
]
. (73)
We mention that 〈σS〉 and 〈τR〉 above can be obtained from the approximate Shiba GF (defining the spin quanti-
zation axis along the instantaneous classical spin direction):
G˜R±(ω) ≈
piν0(τ0 ± τx)
ω ∓ E′S − iΓS
[
α
(1 + α2)2
σ0 ±
(
α cos θ
(1 + α2)2
+
b sin2 θ
4α
)
σz ±
(
α sin θ
(1 + α2)2
− b sin 2θ
8α
)
σx
]
, (74)
where ± stands for the Shiba pole at positive/negative energy. Note, however, that using this approximate GF leads to
a zero dissipative torque, which can only be extracted going beyond the usual Shiba effective GF model (for example,
the effective description in Ref. 31 does not suffice).
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